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AN INTIMATE ACCOUNT OF MY EAKLY EXPERIENCE IVITH 

CORONARY THROMBOSIS 

Jamies B. Herrick, M.E. 

Chicago, III. 

F ROSI time to time for twenty-five years or more it lias been sug- 
gested to me that I write a history of the coronary artery and its 
diseases. Among those who have most strongly urged this have been 
Dr. Joseph A. Capps of C'aicago, Dr. Frank N. lYilson of Ann Arbor, 
and Dr. Fred M. Smith ot Iowa City. On Dec. 18, 1935, a direct per- 
sonal appeal was made by Dr. lYilson. 

In his letter he said that I was chiefly responsible for impressing upon 
the medical profession the importance of coronary occlusion. He felt, 
that a small book giving “details that never get into the concise reports 
vmitten for pubUcation in a medical journal . . . would be of great 
value.” 

I replied that I had decided not to write the book. It seemed unwise, 
to do what would lead students and practitioners, who in the future 
might be seeldng information on the subject, to depend upon an abstract, 
even though it was made by the author liiinself. It was much better for 
them to consult the original articles. Moreover, it was doubtful whether 
today I could accurately depict my mental processes of twenty-five years 
ago; unconsciously, the ideas of later years would creep in. Besides, 
there would be no freshness about Avriting such a book ; it ivould lie little 
more than a repetition of what I had already- said. At /4 jeai“s of age 
the task ivoiild be onerous and irksome. Nor vras I as competent as manA* 
others to discuss adeq^uately certain features that Aiere inAulved, e.g., the 
electrocardiogram and . some physiologic principles. His lettei had, 
hoAvever, opened up the AA'hole question as to A\]iothei I ought to tell 
the story of hoAV I “got onto” the clinical features of acute coronary 
occlusion. . - 
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In a lettei’ of Jan. 3, 1936, Dr. Wilson urged that "an intirnate account 
of your early experienee.s with coronary thrombosis would be of the 
greatest interest both to the present and to future generations.” It 
would, he added, have an historical value. It would help to impress 
the importance of study of the patient at the bedside, of using 'eyes, 
eai’s, fingers, and of making and preserving careful records of observa- 
tions. He commented on the fact that my results had been obtained 
without the help of new instruments of "precision or any new method 
of examination. An article such as he was advising would, he believed, 
encourage others to make similar studies, 

V This matter, while not entirel}’’ forgotten in the last seven years, has 
not been taken up earlier for several reasons : concentration on prepar- 
ing for, and writing, A Short TIisiory of Cardiology; a long, serious 
illness; pressure of many other interests that at the time seemed to 
call for immediate attention; and the attitude of the octogenarian who 
hesitates to undertake what, to him, appears to be a formidable taric. 
My decision not to write the larger history of the coronary artery and 
its diseases has not been changed. There are many of the younger group 
who, more appropriately and more satisfactorily than I, can write such 
a volume. 

The decision to write in accordance with the suggestion in Dr. 
Wilson’s letter, "with the purpo.se of telling how I became aware of the 
frequent occurrence of acute coronary occlusion and realized the po.s- 
sibility of its clinical recognition, has been reached for several reasons : 

1. The earnest solicitation of three friends. Doctors Capps, Wilson, 
and Smith, on whose good judgment I place much reliance. 

2. The importance of the subject. There is truth in what Hoy Scott 
■wrote in 1930: "Medical history of the future doubtless will record 
as one of the important contributions to tlie past twenty years, the gen- 
eral recognition of coronary thrombosis.” 

3. D. E. Bedford’s statement {Practitioner, June, 1933) that "the 
Imowledge that coronary thrombosis is compatible with life and even 
liealth and that it can be recognized Avith certainty in many cases, has 
come to us in the last tAA'cnty years and AA'e oaa'c it largely to the Avork 
of American physician.s, and,” he add.s, "especially to Herrick,” 

4. The interest that has been manifested Avhen I haA'c talked casuall.v 
of it to friend-s, and e.specially that Avhich Avas .shoAvn on Iavo occasions 
AA'hcn in an intimate way I .spoke to small groups of doctors. 

In 1927, in Pasadena, at an impromptu meeting of the "Stanley 
Black Club” (there AA'ere perhaps thirty doctors at the gathering) I 
told hoAV mj' curiosity about the subject had been arou,sed, and recited 
details of my experience Avith my first case. 

April 12, 1933, I addressed the attending and re.sident .staffs of the 
Maj'o Clinic at Roehe.stei', Minnesota. Particulars of the first three 
eases Avilh autopsy Avere gone OA-er. My notes for this off-the-record 
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talk sho\Y tliat I closed ■v\dtli an expression of tlie hope that my young 
hearers would get from it two ideas. The first was that, all medicine 
needs periodic overhauling. We should avoid the paralyzing influence 
of the dead hand of tradition, should get away from “the habit complex 
of groove thiiildng that is so prevalent in medicine.’'^ I cited Lauhry- 
as saying that the desirability of periodic revision of ideas applied par- 
ticularly to diseases of the heart. The second lesson was, though some 
leaders did not agree, that there was still room for sane, careful, bed- 
side observation. Neither the all-time hospital clinician nor the lab- 
oratoiy worker had a just claim to proprietaiy ownership of productive, 
healthy doubt and skepticism. There was a place for all types of in- 
vestigation. The laboratory, the ward, the libraiy should all be regarded 
as workshops for observation, experiment, and logical thinking. Tlie 
watchword should be cooperation. Will hlayo told me later that I would 
never know how much good that talk had done his staff in the way of 
stimulation and encouragement. 

5. In reviews of my Short History of Cardiology there are expressions 
of regret, that, while several pages are devoted to an historical resume 
showing how coronary thrombosis (a topic to which “the author liim- 
self had made many worthy contributions”) was for long overlooked, 
the subject. of how it was “put on the map” has not been taken up. 
When such men as Sir Thomas Lewis, Paul D. Wliite, E. B. Ivnimbhaar, 
and' the writer of the unsigned remew in the London Lancet, Peb. 6, 
1943, express themselves in this fashion, one must listen seriously and 
respeetfiiUjL 

This, then, is my apologia, Avith that word’s triple implication of 
apology, explanation, and — if necessary — defense, for writing this very 
intimate and verj^ personal paper. 


A few Avords regarding the character of my work from the time of 
my graduation from Rush, in 1888, to 1912, the date of my first paper 
on “Coronary Occlusion,” seem to be in order. At the close of my in- 
ternship' in Cook County Hospital, in 1889, I loieAv that I aa^s not cut 
out for a surgeon, nor for an obstetrician or gjmecologist. Though 
ophthalmology, dermatology, and neurology held out attractions, my 
leanings Avere definitely toAAurds internal medicine. For at least 
twenty-five years mj’ aim was to be an all-round practitioner, an in- 
ternist, as one often saj’s noAvadays. In the last two decades, much 
against my Avill, there has been forced upon me the term “heart 
specialist.” 

Yet, in retrospect, I see that even from student and intern days 
heart disease attracted me. There still remains the memoiy of my 
excitement OA^er my first ease of angina pectoris. The patient was a 
simple, intelligent German, AA'hose stoiy of attacks of pain sounded 
like angina and yet left me hesitating to Amnture such a diagnosis un- 
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til, one day as I was making ward rounds, I saw him sitting erect in a 
chair, pale, the picture of anguish. At my order the nurse rushed for 
the nitrite of amyl. After a few initiations, a look of incredulity came 
over him. As, breathing more freelj’", he relaxed from his tense attitude, 
tears came into his eyes, and, with the courtesy of the old-world peasant, 
he grasped my hand and kissed it. I was almost as incredulous as he ; 
it was too good, too maiwelous, to be true. 

Then, probably because I early taught physical diagnosis, I became 
enamored of heart murmurs and other signs of heart disease. There was 
perhaps a little playing to the galleiy of students and interns when one 
made a diagnosis of mitral .stenosis by simple palpation that revealed 
the pre.systolie thrill and the shaip pulmonic valve elo.sure; or when, 
by noting the collapsing or eapillarj- pulse, or the Buroziez phenomena, 
one recognized aortic regurgitation. At that period I was often called 
to see a supposed ease of typhoid fever, which disease was then prevalent 
in Chicago. There was real pleasure in demonstrating to the attend- 
ing doctor that his patient was suffering, not from typhoid, but from 
a malignant type of endocarditis; in explaining that he should view the 
condition, not from the standpoint of the mechanics of the valve, but 
of an infection. The valve was not only a fre.shly infected, but was 
an actively infecting, focus. 

It is clear to me now that my attitude toward diagnosis in general had 
much to do with my early recognition of coronary thrombosis. Diagnosis 
appealed to me very early, even in intern days. An obscure case was 
a challenge to one’s keenness of observation and skill in interpretation. 
There was a feeling of satisfaction if a diagnosis was shown to be correct ; 
one of disappointment if it was Avrong. Chagrin at failure might be 
tempered by finding that the condition was one that was practically 
impo.ssible of intra-vitam recognition, or one that Avas irremediable by 
drug or surgery, e.g., an inoperable carcinoma. Chagrin AA'as changed 
to bitter remorse if it A\'as roA'caled that, through delay in diagnosis, 
or because of a AATong diagnosis, the opportunity for proper treatment 
had been lo.st and a life sacrificed, e.g., as in perforation of the boAvel 
in typhoid feA'er. 

Another proof that, by 1910, I had been a good deal occupied with 
heart disease is that I had already Avritten scA’eral papers about it: 
“Tricuspid Stenosis” (1897), “Coneretio Cordis’' (1898), “Healing 
of Ulcerative Endocarditis” (1902), “Erroneous Notions Concerning 
Angina Pectoris” (1910). When, therefore, the first case that I recog- 
nized as acute eoronaiy occlusion came along, I AA'as pretty familiar AA’ith 
the literature of heaif disease and had had quite an extensive clinical 
experience AA'ith it. ^loreoA'cr, and this seems to me an important feature, 
I had as a background a knoAA'ledge of general medicine. I felt at home 
in the field of diseases of the lung, .stomach, boAvel, and kidney; had 
seen manj' eases of diabetes, exophthalmic goiter, disea.ses of the blood. 
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and infections diseases; and I had taught these subjects to students, 
both didactically and clinically. The wise pathologist, when he looks 
at a stained section for microscopic diagnosis, before turning on the 
oil immersion lens, uses first the low power. Or he may even do as did 
Hans Chiari, under whom, in 1894, I studied in Prague : always hold 
the slide up to the light, and look at it first with the naked eye. The 
wider field of vision enables him to understand more clearly the relation 
of parts, an important factor in frying to reach a diagnosis. So, when 
confronted by a puzzling case, it had become almost second natui-e to me, 
after the analogy of the pathologist, first to eon.sider the ease in its 
broader relations, and to thinlc of the heart only after disease in other 
organs had been with reasonable probability excluded; it was illogical 
and often disastrous to jump hastily to the conclusion that the heart 
was at fault. 

The history of my first ease of acute coronary occlu.sion is copied, 
■\\dth a few minor changes, from my article, as read before the Associa- 
tion of Aneriean Physicians, May 14, 1912.^ 

Case 1. — History . — On Jan. 16, 1910, a man, aged 55 years, supposedly 
in good health, was seized an hour after a moderately full midnight meal 
with severe pain in the lower precordial region. He was nauseated, and, 
believing that something he had just eaten had disagreed vdth him, lie 
induced vomiting by tickling his throat. The pain continued, however, 
and his physician was called. He found him cold, nauseated, with 
small, rapid pulse, and suffering extreme pain. The stomach was washed 
out and morphine given hypodermically. The pain did not cease until 
three hours had passed. Prom this time on, the patient remained in bed, 
free from pain, but the pulse continued rapid and small, and numerous 
rales appeared in the chest. When I saw him twelve hours after the 
painful attack, his mind was clear and calm ; moderate cyanosis and mild 
dyspnea were present. The chest was full of fine and coarse moist rales ; 
there was a running, feeble pulse of 140. The heart tones were very 
faint and there was a most startling and confusing hjTierresonance over 
the chest, the area of heart dullness being entirely obscui’ed. The ab- 
domen was tympanitic. , The urine was scanty, of high specific gravity, 
and contained a small amount of albumin and a few casts. Tlie tem- 
perature was subnormal, later going to 99° P. Occasionally there was 
nausea, and twice a sudden projectile vomiting of considerable fluid 
material. This condition remained vdth .slight variations up to the 
time of his sudden death, fifty-two houi-s after the onset of the pain, 
though at one time the rales seemed nearly to have disappeared. A few 
hours before death the patient desciibed a slight pain in the heart 
region, but said it did not amount to much. A remarkable circum- 
stance, and one that occasioned surprise in those who saw the patient 
and who realized from the almost imperceptible pulse and the feeble 
heart tones how weak the heart must be, was the fact that he freciuently 
indulged in active muscular effort without evident harm. He robed 
vigorously from side to side in the bed, sat suddenly bolt upright, or 
reached out to take things from tlie table near by: once, feeling a sud- 
den nausea, he jumiied out of bed, dodged the nurse, and ran into the 
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bathroom, where he vomited; and yet he seemed none tlie worse for these 
exertions. 

Necropsy (Dr. L. Hektoen). — The heart was of normal size. Both 
coronaiy arteries were markedly selerotie, vith calcareous districts and 
narrowing of the lumen. A shoi-t distance from its origin the left 
coronaiy artery was completely obliterated by a red thrombus that had 
formed at a point of great narrowing. The wall of the left ventricle 
showed well-marked areas of yellowish and reddish softening, especially 
extensive in the interventricular septum. At the ven- apex the muscle 
was decidedly softer than elsewhere. Tiie beginning of the aorta showed 
a few yellowish spots, these areas becoming less marked as the descending 
part was reached. An acute fibrinous pericardial deposit, which showed 
no bacteria in smears, was found over the left ventricle. (The peri- 
carditis perhaps explains the slighter pain complained of a few hours 
before death.) There was marked edema of the lungs. In other 
respects the anatomic findings were those of health. 

A few details are added. The patient was a slender, active man, head 
of a private banking house. He had taken the midnight meal of a sand- 
wich and a bottle of beer after he and his wife had returned from the 
theater, in Chicago, to the .suburb in which he lived. Twelve hours 
later, his physician. Dr. D. W. Brcramerman, asked me to see the pa- 
tient with him. The nature of the persistently rapid, feeble pulse was 
a puzzling and alarming feature to both of us. "We asked help of Dr. 
Frank Billings. He admitted he did not know the exact cause, but 
spoke of the possibility of a cardiac accident, such as acute dilatation 
of the heart. That the accident might be primarily abdominal was con- 
sidered, and to help rale out some such condition that might call for 
surgical interference we decided to call in Dr. John B. MuiTihy. 

Dr. Murphy, an intimate friend of the family, (piickly responded, and 
met Dr. Bremmerman and myself. Dr. Billings was not present on 
this occasion. Dr. Murphy believed that there was no .subdiaphragmatie 
accident, but was much impre.ssed by the hjTierresonanee of the thorax. 
Could it be an acute pneumothorax? I felt not, because the re.sonance 
was bilateral, rales and breath sounds could be heard on both sides, 
and, as near as one could make out, there was no dislocation of the heart. 
The dyspnea was less than one would expect if there were an ovenvhelm- 
ing pneumothorax. So threatening was the condition that we called uji 
a son in New York, telling him to huiay home. I shall never forget 
Dr. Slurphy’s emphatic way, a.s, in his rasping voice, he shouted (the 
long distance connection with New York was not as perfect in tho.se 
days as now): “No! no! don’t wait for the Century tomorrow. Go 

straight to Mr. ” (a high New York Central official) “and get a 

.special. What’s the matter with you? Get busy, come right away or 
you’ll be too late!’’ 

At the request of the family, Dr. Murphy and I came back in the 
evening and stayed all night. We were in a big room with twin beds. 
Murphy, hearing me turn in bed, but not wishing to waken me if I 
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Y^ere asleep, Ywild Ydiisper, “Herrick, are you a^vake? 803^, are 3-on 
sure about there being no pneumothorax?” A little later, from my bed, 
also in a stage whisper: “Dr. Murphy, do you think this might be an 
acute pancreatitis, or possibly a strangulated diaphragmatic hernia?” 
Neither of us slept much. We got up once or tYuee during the night to 
look at the patient. 

As recorded in the histor}^, the patient, Yutli little suffering and Yuth 
little change in condition, li^-ed until about 4 a.m., Januaiy 18, Y^lieii 
suddenty the heart and breathing stopped. The autopsy b3* Dr. Hektoen 
Yms performed the same da.3L I Y’as unable to be present. Dr. Hektoen 
asked me over the telephone what he might expect to find. ]\I3^ repl3'^ 
3vas, “Look for a clot in the eoronar3’- arteiy. If Amu don’t find that, 
find a perforated gallbladder or a perforating duodenal ulcer, hemor- 
rhagic pancreatitis, hemorrhage into the adrenals, strangulated hernia, 
perhaps a diaphragmatic hernia, ruptured pleura, or an3>- other accident 
3mu knoAV about.” Dr. Helrtoen, Avith the dry humor for AA^iich he is 
Avell ImoYm, AAuth mock courtes}’ thanked me for giving him such a great 
variet3’ to choose from. He called me up that evening and said : ' ‘ The 
clot Avas in the coronaiy arteiy, all right. But hoAv in God’s name did 
3mu guess it ? ” Perhaps guess Avas the right Avord. Among my treasured 
letters is one from Dr. Murpln-, aa’Iio Ymrml3^ congratulated me on m}"- 
diagnosis. 

As, after more than thirty years, I tr}^ to recall the incident, I believ-e 
that my ante-mortem diagnosis Avas reached largely because, in a hur- 
ried search for relevant cases, ehiefiy in textbooks that Avere in my home 
library, I Avas greatly impressed by the case of Panum, AA^iich Avas de- 
scribed by Praentzel. Panum, after a severe, angina-like attack, had 
lived fourteen hours. The rapid, feeble pulse had been a .striking- 
feature. Autopsy had revealed acute coronai-A^ thrombosis. As positive 
eAddence this carried great Ymight Yutli me because of the similaritj^ 
of SAmiptoms. On the negative side it seemed justifiable in our case to 
exclude extracardiae causes for the severe prolonged epigastric pain 
that had been folloAved b3' cardiovascular failure and death. Disease 
of the gallbladder or perforation of a peptic ulcer seemed unlikel3L 
Rarer conditions, like adrenal hemorrhage, hemorrhagic pancreatitis, 
and strangulated diaphragmatic hernia Y^ere possible, though improbable. 
While there Avas no evidence of valAnilar disease or of enlargement of the 
heart, and Avhile there Avas no reason to suspect ph3^sical overstrain, the 
heart seemed to be incriminated. The outstanding feature appeared to 
be a sudden Aveakeniug of the niAmeardium. Perhaps, after the analog}’’ 
of thrombosis in cerebral arteries, there had been a thrombotic occlusion 
of the coronar}’^ artein^, the nutrient A’essel of the heart’s muscle. 

As, in retrospect, I go over the AA’hole incident again, and tiy to re- 
construct my mental state and the jirocesses of reasoning I Avent through 
at that time, I realize that the interpretation appears far simpler after 
the event than it was in those tAvo hectic daA's, in aa’McIi there Y-ere man}’’ 
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doubts, irian.y shifts of opinion, many hours of genuinely anxious un- 
certainty. The old adage about the superiority of hindsight over fore- 
sight may Avell he applied in this in.stancc. 

That I did not at once gra.sp the full significance of the first case is 
evident from the rather casual reference to it contained in a papei-^ 
that I read in June, 1910, in the Section on Practice of Medicine of the 
American Medical Association at the meeting in St. Louis. T said that, 
in some of the most serious cases of angina jiectoris, “there is low blood 
pressure, indicating perhaps a weakened myocardium. In a man 54. 
years of age [sic\ with no general arteriosclerosis, I have seen the rough- 
walled left coronary plugged in its anterior branch with a thrombus pro- 
ducing sudden excruciating preeordial pain. For the fifty hours that 
the patient lived the heart tones were barely perceptible, and the periph- 
eral pressure extremely low. But in cases in which there is no such acute 
and extemsive myomalacia cordis as was present in this instance, the 
pressure may be low for a long time and the patient busy about his 
work, though inteiTupted at times by the attacks” (of angina pectoris). 

Soon after this, however, evidently from furthei- reading and study, 
I realized more clearly that eases of this type were not rare and that 
the whole .subject was worih more extended observation. This is .shown 
by the fact that in October, 1910, I had seen in con.sultation a man 65 
years of age who had lived .seven days from the onset of what, from 
the typical .sjTnptoms, was to my mind an unquestioned ease of coronaiy 
thrombosis in one who had for some three years been a .sufferer from 
angina of effort. This is recorded as Case 2 in my paper of 1912. 

It is evident that, long before May, 1912, when I read my paper at 
the Association of American Physicians, I had become much surer of 
mj' ground, for, in May, 1911, at lies Moines, in the coui'se of an ad- 
dre.ss on “Pain in Disease of the Heart,” delivered before the Section 
on IMedicine of the Iowa State Medical Society, I devoted about 1,500 
words to acute ob.stiaiction of the coronain' artery.'^ The views there 
expre.ssed were based on the fij-.st case with autop.sy (1910), and five 
others without autop.sy. The views, and largely the language, are 
those contained in the later paper of May 14, 1912. The concluding 
paragraph is perhaps worth quoting, as it .shows that my ideas at that 
time were pretty well ciy.stallized, and because it voices the same no- 
tions regarding the po.s.sibilities and value of non instrumental diagno.sis 
that are referred to by Frank Wilson in his letter of Jan. 3, 1936. With 
.slight alteration in punctuation and the construction of a sentence, it 
clo.sed as follows : 

“This adcbe.ss, if it accomplishes its aim, will eneoui’age the .STieeiali.st 
and the research worker to go fonvard with the use of the newer in- 
struments and willi the investigations by which new facts concerning 
the heart will come to light. It will also, I trust, encourage the general 
practitioner to retain some of his old self-confidence and not to lo.se 
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faith in his powers of observation and in his ability to analyze sub- 
jective symptoms; and still to believe that it is possible by well-estab- 
lished methods of physical diagnosis to understand many of the anatomic, 
pathologic, and phj'siologic conditions of this important organ. ’ ’ 

Finally, the decision was reached that, after a more thorough study, 
I would report the case in a special paper. Far-reaching lessons might 
be dra^vn from it. A condition previously regarded as merely a patho- 
logic curiosity had been met with in a man who had lived fifty-two 
hours. In that time symptoms had developed, flight not other similar 
cases be discovered in the literature, and enough common features be < 
found to enable a clinical picture to be drawn that would make an intra- 
vitam diagnosis possible? Moreover, if Panum had lived fourteen hours 
and my patient fifty-two, might not others live longer? The more I 
read on the subject and pondered over it, the clearer it became to me that 
sudden death was by no means the inevitalile sequel to the accident. One 
could find numerous examples in the literature. George Dock, as early as 
1896, had recognized and described such cases. 0.sler had been aware 
that in some instances of angina pectoris there were thrombotic lesions in 
the coronary arteries. Obrastzow and Straschesko, though inclined to 
regard the accident as ushering in an ultimatel^^ fatal status angiiiosiis, 
had, in 1910, drawn a remarkably accurate clinical picture of the con- 
dition. If one read between the lines, one could interpret some of 
Huchard’s and Mackenzie’s cases as examples of coronary occlusion. 
And there were others. I gradually became convinced, quoting from my 
paper of May, 1912, that “one may conclude, therefore, from a considera- 
tion of the clinical histories of numerous cases in which there has been 
careful autopsy control, from animal experiments and from anatomic 
study, that there is no inherent reason why the stoppage of a large 
branch of a coronary artery, or even of a main trunk, must of necessity 
cause sudden death. Rather may it be concluded that while sudden 
death often does occur, yet at times it is postponed for several liours or 
even days, and in some instances a complete, i.e., functionally complete, 
recovery ensues.” It was reasonable to assume, also, that milder cases 
might be met with. So, on the basis of clinical symptoms, I made a 
tentative grouping that is recorded in my paper and need not be re- 
peated here. 

The clinical picture there drawn seems to me, even now, to be fairly 
accurate. On the whole it contains little that needs deletion or apology ; 
though, if I were to rewrite it today, I would modify my adrtce as to 
the use of digitalis as a routine measure in treatment. Many things 
were overlooked. Since that date countless details have been added by 
workers in the United States and other countries, and especially since 
help from the electrocardiograph has been available. No attempt is 
made here to review these contributions. 
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One of the strange things about it all, a fact that has caused me re- 
gret, is that I overlooked, even in the paper of 1918, so much pertinent 
material that had been published before. This was partly beeau.se of 
not following more thoroughly certain leads; it was partly because in my 
reading I was looking for references under the heading “coronary ar- 
tery.” Had I grasped the bibliographic .significance of “infarct of the 
m.yocardium” I might liave unearthed the mine of information con- 
tained in Rene Marie’s monograph L’Infarcius du Myocardc et Ses Coii- 
sequences (1896). To miss the later monograph of M. Sternberg, Das 
chroniseke partielle H erzaneimjsma, Analomia, Klinik, Diagnose (1914), 
was a little more qxcusable though greatly to be regretted. If I remem- 
ber rightly, it was Joseph T. 'VVeai’n, of Cleveland, who, soon after I 
had read my paper on “Thrombosis of the Coronary Arteries” in 1918, 
called my attention to tliese important papers that bad escaped my 
notice. 

As is shown in the eliapter on the coronary arteiy, in my Short Tlis- 
iory of Cardiology, the significance of several other writings was not 
fully realized. Weigert, Huber, Leyden, and others had di.scu.ssed this 
condition. I was not the only one, however, who failed to appreciate 
fullj’’ the message contained in their writings: even their fellow country- 
men had paid little heed to their words. 

It seemed strange to me at the time, it seems strange to me now, that 
when, in 1912, I read before the A.s.soeiation of American Physicians a 
paper that .seemed to me to contain an important announcement, it fell 
like a dud. No one, except Emanuel Libman, discussed it or even asked 
a que.stion. I must have been keyed up to a high pitch, for I recall my 
eagerness to have the article published promptly; I feared someone else 
might .jump into print ahead of me. My anxiety about priority was 
gi’oundless. Even after its publication in the Journal of the American 
Medical Association, in December, 1912, it ai’oused no more comment 
than it did when it had been read six months before. No really live 
interest in the topic was manifested until the second paper, on “Throm- 
bosis of the Coronary' Arteries,” was read before the A.ssociation in 
1918. This contained reports on two other patients, with the autop.sy 
findings. It contained, besides, a record of Dr. Fred M. Smith’s lab- 
oratorj^ experiments on dogs, witli lantern slides of electrocardiograms 
and pathologic .specimens. In those days, and it is often true today, a 
lantern slide or a grapli, or an experiment on a dog in a lahoraiory, 
attracted greater attention than mere obseivations made at tiic bedside 
on human beings. 

It is surprising how easy it i.s, as Isaiah noted long ago (Isaiali 42:20), 
to hear but not understand, to .see but not really ob.s'erve. We are all 
human; we have all erred in this respect. At times I wondered why 
my early paper had attracted no attention : why my Des Moines address 
had apparently fallen on deaf cars. Then, too, in 1917, at the Nerv 
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I'ork meeting of tlie American Medical Association, in the Section on 
Medicine, I had read a paper on “Angina Pectoris’’ that had been writ- 
ten by Prank Nnzum and myself. « Its reception, when printed, as when 
read, -seemed to me strange. Comments were restricted almost entirelj^ 
to onr statistics and to the more well-kno%vn symptoms. That we had 
described with emphasis the type of angina associated with coronary 
thrombosis attracted no attention. 

By the end of 1910, and especially after 1911, when I read the paper 
in Des Moines, I began consciously to do what I called missionary work, " 
preaching the gospel of the pathology and clinical symptoms of acute , 
coronary obstruction. In lectures to students, in clinics, in consultations , 
Muth physicians and in tallfs before medical societies in Chicago and- 
elsewhere, I talked coronary occlusion almost ad nauseam. A few 
listened attentively, more, ineredulousB^, the majority, indifferentl 3 L 
I recall an informal talk before a meeting of Western Surgeons in the 
Rush amphitheater, in which I stressed the resemblance of the accident 
to acute aibdominal surgical conditions. I can still see the quizzical 
look on Charlie Mayo’s face as, from a front seat, he listened to, but 
was CAudently not converted hy, my sermon. About a j’^ear later, how- 
ever, a well-known Chicago surgeon called me liy telephone and said he 
had just been asked to go to Iowa to operate on a patient with gallstones. 
The histoiy of the case, as related to him by the attending doctor, called 
to mind, he said, something he had heard me refer to in m^’- talk to the 
surgeons. Had I any reprints of any article on the subject that I 
could rush to him! I furnished the reprint. Two days later he called 
me up and said the case in Iowa was a “dead ringer of jmur coronaiy 
thrombosis. You certainlj^ saved one chap from an unnecessarj*, serious 
operation.” 

At times I feared I might be overenthusiastic, too readilj’’ “believing 
to be true that which I wished to be true.” I often asked Dr. Smith 
and my interns, who shared my enthusiasm, whether I was becoming 
“nutty.” They thought not. 

Then, in March, 1914, there came along the second case in which there 
was an autops.y. This strengthened mj^ belief that the accident was , 
of not infrequent occurrence and that it could be diagnosed. The case ■ 
is brie% reported in the paper on “Coronaiy Thrombosis” read in 
May, 1918." 

Case 2. — A man, aged 62 years, while walking on the boardwalk at 
Atlantic City, was seized with a terribty severe pain in the lower pre- / 
cordia. He was helped to the hotel, but refused to call a physician while 
in Atlantic City or for the next two days while in New York, for, as he 
said, he loiew from the severity of the initial pain, the great weakness, 
and difficult breatliing that he would be ordered to a hospital, and he 
wished to get to his home in Chicago for his illness and, as he feared, 
his death. He lived over two weeks from the onset of the attack, dying 
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j\Iarch 22, 1914. His heart Avhen he reached Chicago wa.s dilated, weak, 
and somewliat rapid. His Idood pressure l3ecamc progressively lower. 
There were dy.spnea, cj-ano-si-s, marked edema of the legs, and albu- 
minuria. Death was as in ordinary cardiac failure. Necropsy revealed 
recent plugging by a thrombus of the descending branch of the left 
coronary artery, with softening of the heart muscle at the left apex and 
lower interventricular septum. 

This patient was under the care of Dr. Joseph A. Capps, who repre- 
, sented the family pb.ysician, Dr. Frank Billings, who was abroad at the 
time. The patient had been in such distress while on the journey from 
NeAV York to Chicago that he had a.sked his friend, Dr. L. L. McArthur, 
Avhom he met on the train, to help him. Dr. McArthur, I believe, gave 
, him a hjT^odennic of morphine and a.ssisted in his care after he reached 
Chicago. I saw the patient .several limes with Dr. Capps and Dr. 
McArthur. The diagnosis of acute coronaiy occlusion seemed war- 
ranted. There wa.s no reason for suspecting preceding heart trouble, 
as the man shortly before had been carefully examined by Dr. Billings 
and pronounced in good health, with nothing abnormal as to heart, 
blood pre.ssure, urine, etc. The sudden knock-out blow, yith its pro- 
longed pain, breakdoyoi of heart’s function, and with increasing con- 
gestive failure in .spite of re.st and other measures that were employed, 
made it almost certain that the coronaiy arteiy was occluded. So dis- 
trc.s,sing was the dyspnea, so pronounced the venous di.stention, and so 
marked the cyanosis, that vene.section was deemed advisable and was 
peiTormed by Dr. l\IcArthur a day or two before the patient died. The 
autop.sy by Dr, Hektoen showed, as in the first case I had seen, that the 
sclerosis was limited almost entirely to the . coronary arterj’’. In the 
first case, while aortic sclerosis was not marked, thei’e was more than 
in this second ease, and the coronaiy ailciy was more involved.*’ 

0 C 0 ^ ^ 

It is to be noted that, in the study of the cases repoilcd before 1918, 
there had been no help from the electrocardiograph. Between 1910 
and 1918 a Cambridge instrument was installed in Pre.sbyterian Ho.spi- 


•In a letter dateJ Jlay 29. 1943, Dr. Capp.s, in answer to my request for criticism 
of tiie nr-st draft of the manuscript of thi.s paper, reminded me that I ha<l fjiilcd to 
refer to the finding; of bactena in hcait of thin patient, *'Vou may recall, ' Dr. 
Capps writes, *'that the patient was suffenn^ from a cold at the time of onset, ana 
that Dr. Hektoen found, in sections of the coronary* artery, cocci overlying’ an atherom- 
atous patch, and described layer after layer of fibrin deposited on the nucleus of 
bacteria. vVnd,'' Dr. Capps adds. '*you refer to another case of thrombosis in which 
infection was a factor. I. thoui?ht this might he a little further emphasized as a 
causative factor In a certain group of cases.” 

In my replv I thanked Dr. Capps for so p^oporly calling to rn/nd what I had en- 
tirely forgotten. It was true, I agreed, that not infrequently bacteria have been 
found at necropsy on patient*^ d%ing of acute coronary thromho.si.s. Tt was al.so true 
that a time relation between an existing focu.s of Infection and the clinical .symp- 
toms of the "hcjirt attack" ha.s often t)een noted. But I v//is not thoroughly con- 
yince<i that in all, or even a majority, of these ca.se.s, the coronary lesion was due to 
infection from such a focus. It is so* easy to find a focus when it is being looked for; 
few per.sons are wltliout one or two at least. And we should not apply too re?idfly 
the old. false po^t hoc erpo propter hoc argument. There is the possibility of mere 
accidental assc^iation. Also, the bacteria in the case of this patient might hav'e been 
due to a complicating or a terminal infection. "Vet. you may he right," I added, "I 
know that Dick. Irons, and others have been impressed by tJie view that acute 
coronary thrombosis is ofU:n (Home say Jt is the rule; due to an infectious process 
that may he in some remote focus; tonsil, teeth, gallbladder, appendix, or bronchi." 
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tal, Chicago, through the generosity of Madam Cyrus H. McCormick. 
Through other funds contributed bj' her, and the late Richard T. Crane, 
Jr., research was made po.ssible. At this time, also, I installed an in- 
strument in my office. Dr. Smitli, after some preliminary study of the 
anatoiny of coronaiy arteries in dog and man, and tiieir anastomoses, 
began his pioneer experiments in ligating the coronaries in dogs, with 
electrocardiographic studies. This Avork, in Avhich he was aided b.y Dr. 
Eduun M. kliller Avho did the preliminary surgical operations, rvas done 
in the basement of the Hospital. As the animal cages rvere kept across 
the street in the Rush laboratory building, much arduous transfer oi 
arrimals back arrd forth to the electrocardiographic room was ireccssary. 
The unremittirrg zeal arrd eirthusiasm of Dr. Smith deserve highest, 
praise. At first I set his problems for him, rvith suggestions as to tech- ' 
nique. I had to hold Iriirr dowir a little. Soorr, however, he came to me 
asking my adruce aborrt sonre nerv plan. A little later, he came to me 
not for advice, but to amrounee what he was goirrg to do or had already 
dorre; he had gotterr away from nre, was ahead of me. His results, 
largely irreorporated iir his important paper® of 1918, as well as hr later 
articles, are rvell knowir to students of heart disease. 

0 <5 iff 

It became evident from Dr. Snrith’s inve.stigations that a fairly coir- 
stant charrge in the electrocardiogram was brought about by ligation 
of coronary arteries in the dog, so that one could predict rvith reason- 
able certairrty the alteratioir that w^ould appear irr the trachrg after ex- 
perimerrtal stopping of circulatioir in particular branches. We rvere 
now orr the alert to see if we could rrtilize this knorvledge irr the case of 
some humair being wlrose symptoms suggested acute coronary olrstruc- 
tion. ]\Iight it be possible to localize a lesioir in the coronary system 
with an accuracy comparalile to that with which one locates obstructing 
lesions in the cerebral arteries? 

The long-looked-for patient came into my office May 3, 1917, at Avhich 
time I happened to be absent from the city. The late Dr. James R., 
Greer, my office assistant at tliat time, obtained the histoiy, took an • 
electrocardiogram, and- A’^entured a diagnosis of acute coronary obstruc- 
tion, in Avhich diagnosis Dr. Smith concurred. On niy return to the 
city a fcAV days later, I joined in the excitement aroused bj' the incident = 
and agreed AAdtli Dr. Greer and Dr. Smith that this diagnosis Avas cor- 
rect, because of the history and striking resemblance of the electro- 
cardiogram to some of those in Dr. Smith’s dogs. 

The patient, a physician, 37 years of age, an cx-intern of our Pre.sby- 
terian Hospital, aaIio had never suffered from angina iiectoris, had no 
acute or chronic infection so far as he knew, and Avho regarded himself 
as free from eardioA’^aseular and renal disease, twenty days before had 
been seized, Avhile in this seemingly good health, AAuth a sudden, ex- 
cruciating pain in the loAA’-er sternal region, Avhieh pain radiated to the 



A:MEUrCAK HEART JOTJRXAI. 


U 


arms and to the epigastrium. He was profoundly shocked, vary weak 
and nauseated, the skin cold and olammy, the pulse rapid and thready. 
His colleagues who saw him thought he would die in a very short time. 
Morphine, % grain, was necessary to control the pain. After a time 
he rallied, and in about fifteen days was able to be about and even tried 
to do some professional work. But in a few days his weakness, pre- 
cordial distress on exertion, dyspnea, and irregular, rapid, and small 
pulse caused him. to give up. He rested, again improved, and came to 
Chicago. Eest and .small doses of digitalis 'sv'ere ordered. On May 31, 
1917, he returned for a checkup, and the condition seemed better. The 
summer vacation was spent on an island in Lake ^Michigan, where there 
v.-as considerable violation of the injunction as to quiet and digitalis, 
the patient not only eating very heartily, but not inirequently going on 
strenuous walks, fishing and hunting trij)s, even though preeordial 
pain, occasional attacks of d 3 ',spnea, and eardijic iiregulariLv gave warn- 
ing that the heart was far from normal. From an undulj" severe strain 
of this sort he suffered for several days with djcspnea and arrhythmia; 
he contracted an infeetioiLs bronchitis and hastened to Chicago, v'here, 
in a deplorable condition, he went under mj”^ care in the Presbyterian 
Hospital, Sept, 26, 1917. The dj'spnea and cyanosis were marked; he 
was sleepless and had Cheyme-Stokes breathing; the temperature rose to 
102° P. The blood i»rc*ssure svas not high, the heart was .slightly en- 
larged to the left, and there -was a faint systolic murmur at the apex. 
After four days he developed signs of pneumonia; the respiration ro.se 
to 32 and the temperature to 106° F, There were bloody and rusty 
.sputum, marked albuminuria, and leucocyto.sLs. He became deliriou-s, 
and .just as a distinct drop in temperature and a cleai'ing of the mind 
made one wonder if recovery after all might he a jro.ssibib'ty, he died 
^ddenly. Necrop.sy, on October 8, by Dr. Thatcher, of Presbyterian 
Ho.spital, disclosed pneumonia of the lower lobe of the r-ight lung and 
several infarcts in other portions of the same lung. 

The heart weighed 415 gi'am.s- The enlargement involved both right 
and left sides. The external surface was fairly' normal in appearance, 
with the exception of a pjale, depressed area 4 cm, in diameter, midway' 
betv/een the base and ai>ex of the left ventricle, and a smaller, .similar 
area on the lateral surface clo,se to the apex. The wall of the left 
ventricle near the apex and the interventricular .septum -were thin and 
of gristly' consistency', cutting vith marked resistance. The endocardium 
of the left ventricle had a pale, mottled appearance, especially' marked 
over the low'er three-foui'ths of the ,seT>tum and the papillary' muscles. 
The papillary muselcs w'cre .smooth, contracted, arid firm, these changes 
being paiiicularly' marked in the anterior muscle, Tiie greater extent 
01 the fibrous changes in the endocardial and subendocardial tjs.sues, 
as compared %vith those on the external sui'face of the heart- was .strik- 
ing. The left coronary' artery' contained an organized Ihromhu.s in the 
i-amiis deseendens anterior, 3 cm. from its origin. Also, the first^ de- 
scending branch of the eircumfiex %vas oeeluded 3.5 cm. from its origin 
by a fresher thiumbus. The coronary' arteries .sho'wed .sclerotic plaques 
^sattered throughout ino.st ox their course, these .spots vary'ing in .size 
from 0,5 to 2 inrn. in diameter. The aortic h-afiete were thickened. 


There %vere a few sclerotic areas in the .suprasigmoid area of the aorta. 
These were not regarded as sygdiilitic. It may' be added that no history' 
or .stigmata of -sy'phiiis were noted during life,, and that the Wasscr- 


mann test on the blood had been negati\'£. 
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This case made a profound impression on all of ns. It seemed to 
furnisli incontestable proof tliat the thesis we had s.o long been harping 
on was correct ; that acute coronary thrombotic occlusion was not rare ; 
that patients might live for many days after the accident; that in a 
large proportion of cases the clinical picture was typical enough to per- 
mit an intra-Yitam diagnosis. IMore than that, the electrocardiogram 
not only aided materially in diagno.sis, but offered hope that it might 
reveal the location of the resulting myocardial damage, and, in a meas- 
ure, its extent, and thus be helpful in the way of prognosis and treaty^ 
ment. These facts were presented in my paper that was read before the 
Association of American Physicians in I\Iay, 1918. The similarity be- 
tween the electrocardiograms of Dr. Smith’s dogs soon after ligation , 
and that of the patient at his first visit, when he was fairly com- 
fortable and able to be about, was striking. No less striking were the 
tracings made on dogs thirty-four days after ligation of the ramus eir- 
cumflexus sinister and that taken of the patient ITS days after his ill- 
ne.ss, when he was in the deplorable condition during his stay in the 
Hospital. The low amplitude and the widened QRS curves, with other 
abnormalities, were .startlingly alike. These were shown in my paper, . 
and also in Dr. Smith’s article, published in the Archives of Infernal 
'Medicine, June, 1918. . . ' ■ 

An interesting episode may be mentioned, as showing the attitude of 
mind of even excellent men at that time. My patient, the doctor, after 
his first interview with me, went to make a social and semiprofessibnal 
visit on a prominent colleague in a large western city. When my diag- 
no.sis of coronaiy thrombosis was mentioned, the colleague emphatically 
said that neither Dr. Herrick nor any one else was .iustified in making 
such a diagnosis except on the autopsy table. The attempt was ridicu- 
lous because it was impossible. The instructive and pathetic sequel 
to this is that, some ten or twelve years later, this same physician called 
me by telephone and in a feeble voice and in evident alam told me 
he had just had an attack of coronary thrombosis, and what would T 
advise? He would send the electrocardiograms to me at once. Two of. 
three years later a recurrent attack and a necropsy showed that his 
intra-vitam diagnosis had been correct. 

In reaching conclusions regarding this subject I tried to be eon- . 
servative. To this end the eases that weighed the heaviest were those 
Math necrop.sy examination. A British writer (the reference has es- 
caped nie) some time after interest in coronary occlusion had begun to 
appear in England, wrote in a journal that the American physician had 
a great advantage over the British, as in the United States autopsies 
in public hospitals were far more readily obtained than in England. 
He did not realize that in the first two cases the post-mortem exam- 
inations had been made in the homes of well-to-do patients, and that the 
third was on a private patient in a ho.spital that was in no sense a public 
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institution. That autopsies on private patients are frequently securefl 
if they are asked for is not as vudely known as it sliould be. This state- 
ment applies to this country as well as to Great Britain. 

© e 

On March 28, 1918, a meeting of the Institute of ^Medicine of Chicago 
was held at the LaSalle Hotel, at which time the following p»rogram was 
presented : 

SVitl'OSIUM ox AXGIXA PECTORIS 

"Angina Pectoris; Personal Experiences of One of Our ifernbers," by E. Fletcher 
Ingals; read by Lndvig Hektoen 
"Pathology of Angina," by Edwin K, LeCount 

"Coronary Thrombosis in Pelation to Angina,-’ by .Tames B. Herrick 
"Clifford Allbutt’s Views in Regard to the Etiology of Angina,’’ by Robert IT. 
Babcock 

The paper of Dr. Ingals was read by Dr. Hektoen because the author 
himself was too ill to be pre.sent. Dr. Ingals’ discussion of angina was 
based on his experience with the condition in his practice. He described 
in detail the ease of '‘Dr. X,” who, as was generally known, was Dr. 
Ingals himself. 

Dr. LeCount ’s paper was based on a careful study of ‘‘some sixty 
deaths from dithculties Avitb the circulation of blood in the coronary 
arteries or with lesions generallj’ regarded as caused by such difficulty. 
These are in two groups: thirty-four deaths from tibrous myocarditis 
with sclerosis of the coronary arteries, and twenty-six of more or le.ss 
acute occlusion.” 

Dr. LeCount, as physician to the Coroner’s office, had had an unusual 
exirerience with sudden and unexplained deaths, the ” coroner ’.s cas&s” 
that for medicolegal reasons require a postmortem exam.ination. He 
/had utilized the oppoilunity afforded him to make a scientific .study 
of these cases, the results of which he embodied in this important con- 
tribution. 

In my remarks I epitomized my views on the relation of coronary 
disease to angina, and diseu-ssed coranary oeclu.sion and its clinical 
featiu’cs. I repeated much of what had been stated in my 1912 paper, 
expressing views that, with minor diffei'cnce.s, agreed wifh those of Dr. 

: LeCount. Lantern slides were shoAvn, illusti-ating the results of Dr. 

, Smith’s experimental work. The ai-guiuents I advanced and even the 
= wording were much the same as tho.se pj'csenled a few v.-eeks later at 
Atlantic Cit.v. 

Dr. Babcock spoke at length concerning .Sir Clifford Allbult’s theory 
, of angina pectoi-is, which he was strongly inclined to endorse. 

On April 30, 1918, a little moi-e than four weeks after his pajier had 
been read. Dr. Ingals died. A little later, Di-. J.eCount, in his report 
of the necropsy he had made on the body of Di‘. Ingals, commented that 
he found nothing in this examination to siqiport the position of Dr*. 
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Ingals ill liis adliereiice to tlie aortic tlieoiy of angina pectoris that had 
been advanced bj’' Sir Clifford Allbiitt. 

The papers on angina and coronary disease were published in the 
Proceedings of the Institute of Medichie 2: 65, 1918. An abstract is 
also found in the Journal of the American Medical Association 70; 974, 
1918. Dr. LeCount’s paper, “Angina Pectoris: Keport of a Post- 
Mortem Examination,” is in the same volume of the 1918 Proceedings 
of the Institute of Medicine, page 77. 

These papers apparently attracted little attention. The explana- 
tion is probably that the subject was not at that time one in which 
the 'profession was particularly interested. Perliaps also the fact that 
the Institute of Medicine was young, and its Proceedings had a very 
lunited circulation, may be a partial explanation. 

It has been a matter of personal regret that I failed to insert in my 
paper on “Thrombosis of tlie Coronary Arteries”' that I read May 8, 
1918, before the Association of Physicians, a reference to LeCount’s 
work. ]My paper, however, was already in final typewritten form, al- 
ready announced — and, as I recall, abstracted — on the program of the 
Association. The omission of reference to LeCount’s work was unin- 
tentional; but I learned long afterwards that he felt that lie had been 
undeservedh* slighted. 

There is surely no need to continue this intimate recital of my per- 
sonal relations to the subject of disease, of the coronary artery. Soon 
after the second paper on “Thrombosis of the Coronary Arteries” had, 
been read, American physicians at the bedside and in the laboratory 
took up the work, and there was a veritable flood of articles on this 
topic. I participated, chiefly on the clinical side, and contributed sev- 
eral papers, in addition to delivering many uni-ecordcd talks before 
students and groups of practitioners.® 

Of course, I am responsible for all statements of facts, and their 
interpretation, that are contained in this paper. The major responsi- 
bility, however, for deciding to write and ]niblish now, must rest with 
my three friends who -for so long urged mo to put these facts on record. 
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THE PREOORDIAL ELECTROCARDIOGRAM 

Prank N. Wilson, M.D., Franklin D. Johnston, M.D., 
Francis P. Rosenbatoi, M.D., Herman Erlanger, M.D., 
Charles E. Kossmann, M.D., Hans Hecht, M.D., Nelson Cotrim, M.D., 
Roberto I\Ienezes be Olhtdira, M.D., Roberto Scaesi, M.D., 

AND Paul S. Barker, M.D. 

/ NTRODTJGTION . — Considerable progress has been made in the 
standardization of preeordial leads, but there is stiU a great di- 
versity of opinion as to how many leads of this kind should be taken, 
as to what precordial points should be explored, and as to the proper 
location for the remote or reference electrode. The multiplicity of leads 
still in use and still being recommended is the source of mucli confusion 
and continues to retard progress in the setting up of adequate normal 
standards and satisfactory diagnostic criteria applicable to the in- 
terpretation of the precordial electrocardiogram. It is not, therefore, 
surprising that there has been a persistent demand that a single stand- 
ard method for taking precordial leads be established. Unfortunately, 
it is not easy to meet this demand for there is no generally accepted 
method for determining which leads are likely to prove most and which 
least useful, and there are very great differences of opinion as to whether 
the decisions required should be made on empirical grounds alone, or, 
if not, as to what general principles should be taken into consideration. 

It seems to us that it would be less difficult to solve this problem if 
there were’ a more widespread and clearer understanding of the nature 
of precordial leads, the relations between them and leads of other kinds, 
the considerations which led to their use, the advantages which have 
made them popular, and the purposes which they may be expected to 
serve. We propose, therefore, to discuss the precordial and other special 
leads Avhieh we have used with much satisfaction over a long period. 
We want to emphasize the principles upon which they are based and to 
call attention to the kind of information tliat may be obtained by their 
use ill cases of bundle branch block, ventricular hypertrophy, and myo- 
cardial infarction. It is in these conditions particularly tliat the stand- 
ard limb leads have been found inadequate. 

It is true that much of our present Imowledge of the hiunan electro- 
cardiogram has been gained by the correlation of electrocardiographic 
data and clinical or post-mortem observations. Nevertheless, electro- 
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cardiography can hardly be considered a purely empirical science. Its 
physical and physiological foundations rest upon a large body of critical 
experimentation dictated by well-constructed hypotheses. These founda- 
tions were laid, and the more fundamental principles upon wliieh the 
interpretation of electrocardiographic records is based were established, 
before the string galvanometer was introduced into clinical medicine. 
The more important advances made since that time have come about 
in the same way as those which preceded them. Few major electro- 
cardiographic problems have been solved by clinical obsciwations alone. 
For this there are excellent reasons. Our basic Imowledge of action 
currents was acquired by means of direct leads from the tissues under 
investigation. Unfortunately, it was not possible to study the action 
currents of the human heart by this method, and indirect leads were 
necessarily employed for this purpose. The standard limb leads now 
in universal use have become indispensable, and they are entirely ade- 
quate for mo.st of the purposes which clinical electrocardiograms can 
be expected to serve. They are not, however, capable of furnishing 
detailed information of the sort obtained when the surface of the exposed 
heart is explored by means of direct leads. Experiments on animals in 
which such leads have been employed have consequently continued to 
play a very important role in the solution of our most difficult electro- 
cardiographic problems. We have not, however, been able hitherto to 
use all the knowledge acquired in this wa}" to the best possible advantage, 
because the difference in character between the limb leads used in man 
and the direct leads used in animal experiments has made it difficult 
to correlate our clinical and experimental observations. Precordial 
leads of the tjTie now wideb’' used are much more closely related to direct 
leads than to the standard limb leads. It is precisely for this reason that 
the}'’ are of such gi’eat value. They not only detect lesions wliich are 
beyond the range of the .standard limb leads, but fumi.sh data that can 
be directly compared with the data obtained by the use of cpieardial 
leads in animals. 

Unipolar Direct Leads . — For the study of cardiac action enrrents, 
all kinds of direct leads are not equally satisfactory. In their extensive 
and detailed studj' of the course of the cxcitatorj' process over the 
ventricular muscle, Eewis and Rothschild* found tlmi it was difficult 
or impo.ssible to interpret the records obtained when both electrodes 
were in contact with the ventricular .surface. When leads of this kind 
were used, the cardiac impulse .spreading througli the ventricular wall 
from within outward often reached both electrodes at approximately 
the same time. The deflections recorded under tlie.se circumstanee.s 
were of complicated and variable form and gave no reliable clue to the 
time of arrival of the impulse beneath either electrode. Wlien, on tlie 
other hand, a small electrode in contact ivith the epicardiurn wa.s paired 
with an electrode on the chest wall, the QRS complex almost invariably 
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displayed a large and A^ery abrupt deflection Avliicli was easily recognized 
and was found to coincide lAutb the actii'-ation of the muscle in con- 
tact Avith the exiiloring electrode. The name '‘intrinsic deflection” 
Avas therefore assigned to it. The other deflections of the QES group, 
which AAnre attributed to the excitation of muscle more, distant from this 
electrode, AAnre referred to' as "extrinsic deflections,” but their origin 
AAns not- studied in detail. 

Because of the' character of the laAvs Avhieh gOAnrn the distribution of 
electric currents in three-dimensional conductors such as the body,- the 
magnitude of the potential Anriations produced by the heartbeat at 
any point outside the heart itself rapidly diminishes as the distance 
from the epieardial surface increases. In the course of a cardiac cjnle, 
the variations in iiotential at a point on the A’-entricular surface are in 
the neighborhood of thirty times as large as those displayed bj’- the arms 
and legs. The deflections of leads from the A^entrieular surface to some 
distant part of the body, such as those employed bj’- Lbaags and Roth- 
schild, represent the potential variations of the electrode in contact Avith 
the heart; the iDotential variations of the distant electrode are negligible 
bj’’ comparison. It is convenient to use the term "unipolar” to desig- 
nate leads of this land in Avhich one electrode is almost completely in- 
different, and the term "bipolar” to designate leads like the standard 
limb leads in Avhieh the tAA^o electrodes are approximately equidistant 
from the heart and may, in general, be expected to undergo potential 
variations of about the same magnitude. 

The electrocardiograms reproduced in Fig. 1 Avere obtained by means 
of unipolar direct leads from the exposed heart of a dog. Six points on 
the anterior surface of the A^entricle, easy to identify later hj their 
relations to the vessels or other surface markings, Avere selected, and, 
from these, control curves Avere taken Avith a small exploring electrode. 
Points 7, 6, and 8 Avere on the right ventricle ; the first Avas on the thick- 
est part of the Avail near the atrioventricular groove, and the other tAvo 
were in the central region close to the trabeculated area AAhich overlies 
the attachment of the anterior papillary muscle. Points 3, 1, and 2 
AA-ere on the left ventricle ; the first Avas A’-ery close to the junction of the 
free AAmll and septum, the second near the left margin of the heart, and 
the tliird very near the apex. After the control records had been 
taken, temporary right bundle branch block Avas produced by pressing 
upon the right side of the septum above the anterior papillary muscle 
Avith the back of a small knife thrust through the AvaU of the conus 
arteriosus just beloAv the pulmonary valA*e. A second set of curves aa^s 
taken immediately after the laiife Avas AAuthdraAAm, and a third set AAhen 
the right bundle branch had recovered almost conipleteh-. Left branch 
block AAms then produced by maldng a cut on tlie septum just beneath 
the aortic A’^ahm, and a fourth set of records AA^as made. Standard Lead I 
Avas taken simultaneously Avith each direct lead. The intrinsic deflection 
is easily identified in all of the cuiwes except the first and third from 
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point 7) it is tlie sudden dq^vn^vard movement wliicli begins with the 
peak of E. The beginning of this deflection, and therefore the peak of 
E, marks the time of activation of the subepicardial muscle in contact 
with the exploring electrode. Whether the activation of this muscle 
and the beginning of the intrinsic deflection coincide exactly or only 
approximately need not concern us here. It will be noted that, in the 
leads from the right ventricle, the peak of K fell very late in the QKS 
interval when light branch block w'as present and at the very beginning 
of this interval when left branch block was present. In the loads from 
points 1 and 2 on the left ventricle these relations are reversed; the 
peak of E fell late in the QES interval when left branch block was pres- 
ent and early when right branch block was present. No cur\'e was ob- 
tained from point 3 while light branch block was present, for the form 
of the ventricular deflections of Lead I shows that, when the second 
tracing was taken from this point, the right bundle branch had already 
recovered its conductivity. In the lead from point 3 taken after left 
branch block was produced, the. peak of E was not later than before. 
This point was very close to the septum, and, in our experience, the in- 
trinsic deflection in leads from this region has seldom been much de- 
layed either bj' left or by right branch block. 

Wlien the cardiac mechanism is normal, the intrinsic deflection is 
always earliest in leads from the trabeculated region, as in the present 
instance (point 8). It is only a very little later in leads from the cen- 
tral region but considerably later in leads from points near the atrio- 
ventricular groove (point 7) and from points on the conus arteriosus. 
The earlie.st intrinsic deflections found on the left ventricle usually 
occur in leads from the apex (point 2), the latest, in leads from the 
lateral part of the free wall toward the base. This region was not 
studied in the experiment under consideration. The intrinsic deflection 
is normallj’ considerably later over the surface of the left ventricle as a 
whole, than over the surface of the right. This difference is attributable 
to the greater thielmess of the left ventricular wall, for in general the 
latest intrinsic deflections are found where the muscle is thickest. 

Origin of the QRS Deflections . — ^The origin of the more conspicuous 
and more constant components of the various kinds of ventricular com- 
plexes seen in unipolar direct leads is clearly understood. It must be 
emphasized that, although the excitation of the muscle in contact vuth 
the exploring electrode produces a much larger and much more sudden 
fluctuation in the potential of this electrode than the excitation of any 
equal mass of muscle at a greater distance from it, every unit of ven- 
tricular muscle, vathout e.xception, produces action currents which con- 
tribute to the foiTti of these complexes. It is obvious that those com- 
ponents of the QRS complex which precede the intrinsic deflection must 
be attributed to the e.xeitation of muscle w})ich passed into the active 
state ahead of the subepicardial muscle beneath the exploring electrode. 
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and that those components which follow the intrinsic deflection must 
be ascribed to tlie excitation of muscle that was still in the resting state 
when the muscle under the contact became active. The peak of B, there- 
fore, separates the QKS components attributable to muscle activated 
before, from the QKS components attributable to muscle activated after, 
the cardiac impulse reached the muscle in contact with the exploring 
electrode. 

The re-sting cardiac muscle fiber is surrounded by a “membrane” 
which has a verj’- low electrical conductivity. Across this membrane 
there is an electromotive force which makes its inner sTirface strongly 
negative in comparison vdth its outer surface. The passage of the ex- 
citatory process along the fiber is associated with a sudden and very 
great increase in the conductivity of the resting membrane and a sud- 
den decrease in the electromotive force (Cole and Curtis’) ; in other 
words, with the sudden development of a short circuit between the in- 
side and the outside of the fiber. Current flows out of the resting part of 
the fiber adjacent to tlie short circuit and re-enters the fiber through 
the short-circuited region. The effect in the medium outside the fiber 
is the same as if the cardiac impulse were immediately preceded by the 
positive pole, and accompanied b}’- the negative pole, of a battery. In 
other words, we maj’’ say that, across the boundary between aciivc. and 
resting muscle, there is an electromotive force which makes the potential 
of points toward which the excitation wave is advancing positive, and 
the potential of points which lie behind it negative. 

The cardiac impulse spreads thiuugh the free walls of the ventricles 
from within outwards and nonnally enters the septum from both sides 
simultaneously. Throughout its course it is traveling away from the 
ventricular cavities, and these are continuously on the negative side of 
all the boundaries bebveen active and resting muscle. Consequently, 
the potential of both cavities is negative throughout the QKS interval"* 
except in those instances in which one side of the septum becomes active 
before the other, in which case the ventricular cavity on the side ac- 
tivated la.st almost always displajTj initial positivity. 

Electromotive forces distant from two neighboring points have ap- 
proximately the same effect upon the potential of both. It is clear, then, 
that no cardiac electromotive force except that generated by the muscle 
between them is capable of producing a large difference of potential 
between two points which are separated solely by the thickness of the 
ventricular wall. If the potential of the adjacent part of the ventricu- 
lar cavity is negative, the potential of an epicardial electrode can be 
positive only while the excitation wa-ve is pas.sing through the part of 
the ventricular wall upon which it rests. In takinir unii)olar leads the 
galvanometer connections are .so made that jjositivity of the exploring 
electrode produces an ui)ward deflection in the completed record. The 
R deflection in unipolar leads from the ventricular epicardium of the 
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normal heart must, therefore, represent the electrical forces produced 
by excitation of the muscle betryeen the exploring electrode and the 
ventricular cavity. The total voltage of these forces is, of course, not 
measured by the height of the E deflection, but by the difference in po- 
tential between the endocardial and the epicardial surfaces of that part 
of the ventricular wall in contact vdth the exploring electrode. In 
bundle branch block most, if not all, of the septal muscle is activated 
from the contralateral side, and the potential of the homolateral cavity 
is positive until the cardiac impulse has passed through the septum. 
Under these circumstances, the E deflection in leads from the outer sui’- 
face of the delayed ventricle ordinarily displays two peaks. The part 
of this deflection which precedes the division is due to activation of the 
septum and represents positivity of tiie ventricular cavit}" which is 
transmitted through the inactive ventricular wall; the part which fol- 
lows the division is due to activation of the ventricular wall adjacent 
to the electrode. "When this second peak of E is written, the ventricular 
cavity is negative. 

Wlien the excitatorj’ process readies the muscle in contact with an 
epicardial electrode, the boundarj’- between resting and active muscle 
disappears from that part of the ventricular wall upon Wliich the 
electrode rests. The potential of the electrode then becomas the po- 
tential of the adjacent part of the ventricular ca\dty. The sudden drop 
in the potential of the electrode when the electromotive force across the 
wall beneath it disappears is responsible for the intrinsic deflection. 
The total length of this deflection is an approximate measure of the. 
voltage across the ventricular wall when the cardiac impulse arrived at 
the epicardial surface. 

If the excitatory process is stiU spreading through some part of the 
ventricular wall when the intrinsic deflection occurs, the negativity of 
the ventricular cavit}' outlasts this deflection and an S wave is inscribed. 
If, on the other hand, the muscle, in contact with the exploring electrode 
is the last ventricular muscle to pass into the active state, the ventricu- 
lar ca^^ty is at zero potential when the intrinsic deflection is complete 
and there can be no S deflection. 

If the subendocardial muscle of some part of the ventricular wall 
passes into the active state earlier than the subendocardial muscle which 
lies between the exploring electrode and the ventricular cavity, the initial 
negativity of the cavity is transmitted to this electrode and a Q deflec- 
tion occurs. If the cavity is initially positive because of circumstances 
that we have already mentioned, there can be no Q. Since late activa- 
tion of the subendocardial muscle is likely to be associated with late 
activation of the subepicardial muscle of the same region, Q deflections 
are most common in those leads in which the intrinsic deflection occurs 
late in the QES interval, and in which, therefore, E is tall and S is 
small or absent. 
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In summarizing our remarks on the inferprctation ol; the QRS de- 
flections of unipolar direct leads from the ventricular surface, we may 
point out that the character of these deflections depends mainly upon 
the time at which the muscle in contact with tlic exjdoring elccti-ode be- 
comes active in relation to the beginning and to the end of the QRS 
interval. If this muscle becomes active very early in this interval, 
the R deflection is narrow and usually small and the S Avavc broad and 
usually deep. If it is activated very late in this interval, R is tall and 
broad, S small and narrow, and a Q wave is often present. If it is ac- 
tivated at the very end of the QRS interval, S is absent but there may 
be a conspicuous Q. As the time of activation of the muscle beneath 
the exploring electrode ap])]-oaches the beginning of the QRS interval, 
R becomes smaller, S larger, and Q le.ss frequent. As it approaches the 
end of the QRS interval, R becomes larger, S smaller, and Q more fre- 
quent. In this discussion we have, of course, not eonsidei'cd many of the 
perplexing details of the QRS complex which may be encountered in 
unipolar direct leads as well as in leads of othei' kinds. Some of these 
cannot be interpreted satisfactorily until mo]-e data ai-e available than 
at present. 

Unipolar Precordial Leads . — The potential of every extraeardiae point 
inside the body is determined by the potential over the heart's outer 
surface. The potential variations of every element of the epicardial 
surface contribute in some measure to the potential variations of an 
electrode placed upon the preeordium. But the magnitude of the con- 
tribution made by the potential variations of. any given surface ele- 
ment is lai’ge if its distance from the electrode is .small, and vice versa; 
in fact, it varies roughly as the inverse cube ol' this distance. For this 
reason, the potential variations of a preeordial electrode a7’e detennined 
to a very large extent by the jjotential variations of the elements of 
ventricular surface nearest it. If all or the great majority of these 
elements simultaneou.sly display potential valuations of the same sort, 
the potential variations of the electrode are of the same character though 
very much smaller. If, on the other hand, the various elements that 
ai’o more or less equidistant from the electi'ode display potential varia- 
tions of manj^ different kinds, the jiotential variations of the electrode 
I’epresent a mixture which may not resemble aiy of its components very 
closely. 

Since the conditions la.st mentioned rarely exist, it is almost always 
po.ssible, by moving an electrode step by .step across tlic preeordium, to 
determine the nature of the jiotcntial variations of the various parts of 
the anterior ventricular suri'ace, provided that the potential variations 
of the exploring electrode are accurately I’ecorded. In 1929 we began 
to use multiple preeordial leads of this kind to ascertain which of the 
two ventricles first became active in the cla.ssical varieties of bundle 
bi-anch block. In our first experiments the precoi’dial electrode %vas 
paired with an electrode on the left leg. The data obtained in this 
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way were not entirely conclusive because the components of the QRS 
complex due to potential variations of the precorclial electrode could not 
be distinguished with certainty from those due to potential variations 
of the leg electrode. 

In man, the potential variations of the precordium are ordinarily three 
to five times as large as tiiose of the extremities or of the back. When 
a precordial electrode is paired Avitli an extremity or dorsal electrode, 
the general outline of the A’-entrieular complex is determined, therefore, 
to a very large extent by the potential variations of the former and is 
much the same regardless of Aviiether the latter is placed upon the right 
arm, the left arm, the left leg, or the left infrascapular region. But 
in leads of this kind the potential variations of the reference electrode 
do exert a very considerable influence upon the details of the form 
of the ventricular complex and make it impossible to utilize the simple 
principles applicable to the interpretation of the deflections of unipolar 
direct leads in the analj'sis of the records obtained. 

Man 3 ^ seem to belieA^e that preeordial leads are merely additional 
leads comparable in all respects to the .standard limb leads. The practice 
of taldng a single preeordial lead and calling it Lead IV, a practice 
AAdiich we have never folloAA-ed, is no doubt parth’ responsible for this 
entirel}’’ unjustifiable attitude. There is no limit to the number of pairs 
of points on the trunk aa^IucIi might have served as locations for the 
electrodes if the '‘cut and tiy” method had been used to find the ad- 
ditional leads most likely to prove helpful in those situations in AAdiich 
limb leads had been found inadequate. Preeordial leads of the land 
under consideration AA^ere selected for this purpose because observations 
dictated by theoretical consideratioms shoAved that the,y are in reality 
semidirect leads from the anterior ventricular surface, capable Avithin 
certain limits of serving the same purposes as direct leads from the 
ventral wall of the exposed heart. Thej’ caimot serve these purposes, 
hoAA’-ever, unless the potential Amriations of the reference electrode are 
made negligibly small in comparison AAuth those of the exploring 
electrode. The extent to Avhich the character of the potential Amriations 
of the preeordial electrode is obscured by the potential variations of 
the remote electrode determines the degree to Avhich the adAmntages 
o-ained by placing one electrode upon the precordium have been sur- 
rendered. 

Considerations of this land led us to devise an artificial ground AA^hich 
reduces the potential variations of the remote electrode to a minimum 
and makes it possible to obtain essentially miipolar leads from the pre- 
cordium, from the esophagus, from the extremities, and from other parts 
of the bodj''. This artificial ground consists of a central terminal AA'hich 
is connected through three equal resistances of 5,000 ohms eacii to 
electrodes on the right arm, left arm, and left leg.'^ The effect of tliis 
device is to balance out those electric forces responsible for differences 
in potential betAveen these extremities and consequently for the deflec- 
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tions of the standard limb leads. It is easily demonstrated that at 
every instant the potential of the central terminal must he equal to the 
algebraic mean of the potentials of the tliree extremity electrodes. On 
the basis of the assumptions upon which Einthoven’s equilateral triangle 
is founded it has been sho^vn that those components of the heart’s re- 
sultant electromotive force which are parallel to the plane defined by 
this triangle have no effect wliatever upon the potential of the central 
terminal. The effects of those components Avhieh are perpendicular 
to this plane cannot be accurately predicted on theoretical grounds. 
The experiments of Eckey and Frohlich,® Burger/ Burger and Wuhr- 
mann,® and of others® have, however, demonstrated that the largest po- 
tential variations of the central terminal do not ordinarily exceed 0.3 
millivolt. The potential of this terminal is, therefore, so nearly con- 
stant that for practical purposes we may consider it zero throughout the 
cardiac cycle. We shall then consider all leads unipolar in which an 
exploring electrode is paired with an artificial ground of this tjqie. 

Wlien we began to use preeordial leads in our studies of human and 
experimental bundle branch lilock, it soon became evident that the most 
satisfactory way to obtain semidirect leads from both ventricles was to 
move the exploring electrode aero.ss the precordium, along a line 
roughly perpendicular to the anterior interventricular sulcus and ex- 
tending from a point at least as far to the right as the right margin of 
the sternum to a point well beyond the left border of the heart; We 
have changed our original method of taking preeordial leads only as 
regards the number and the locations of the points explored, which 
have undergone minor modifications from time to time. We now take 
unipolar leads from each of the .six points specified by the Committee 
of the American Heart Association for the Standardization of Preeordial 
Leads.^® In accordance with the recommendations of this committee, 
these leads are designated P' 1 , Eg, V., V^, V-, and Vg. The first of these 
six points is at the right margin of the sternum in the fourth intercostal 
s-paee and the second on the left sternal margin at the same level. The 
remaining points lie on a broken line extending from the second point 
to the apex beat and thence around the left side of the chest at the apical 
level. When the apex beat cannot be located, this line is drarni from 
the second point to the intersection of the left midclavieular line and 
the fifth intercostal space and is continued around the chest at the level 
of this intenseetion. The third point is midway between the second and 
the left midclavieular line, the fourth in the midclavieular line, the fifth 
in the anterior axillarj’’ line, and the sixth in the midaxillary line. In 
addition to these six standard leads, we irsually take a. unipolar lead 
from the tip of the emsiform cartilage (Lead E^) and often take uni- 
polar leads from the posterior axillary line (Lead E-), from the left 
infrascapular region (V/j), and from other points. 

In the preeordial clecirocardioprams of normal subjects the ventricu- 
lar complexes of the leads from the right side of the precordium arc 



29 


WILSON ET AL. : PRECORDIAL ELECTROCARDIOGRAM 

strikingly similar to those obtained bj* placing the .exploring electrode 
directly upon the thinner parts of the anterior wall of the dog’s riglit 
ventricle (Fig, 2). In these complexes the E deflection is small and 
narrow and S is deep and relatively broad. TJie peak of E occurs early 
in the QES interval and is followed by a large, abrupt downward move- 
ment which obmously corresponds to the intrinsic deflection of direct 
leads. The ventricular complexes of the leads from the left side of tlie 
precordium are similar to those seen in direct leads from the tliicker 
parts of the anterior and left lateral walls of the dog’s left ventricle. 



Pig- 2 The precordial electrocardiogram of a normal subject. The decimals 

marked on each record give the time of the intrinsic deflection with reference to the 
beginning of the QRS inten'al in Lead I, which was taken simultaneously with each 
precordial lead. (Reproduced from an article by AVilson m Strouds Diagnosis and 
Treatment of Cardiovascular Disease, by permission of the P. H. Davis Company. 
Philadelphia.) 


The E component of these complexes is tall and relatively wide and it is 
often preceded by a Q and followed by an S deflection. The peak of E 
which marks the onset of the intrinsic downstroke is, on the average, 
about 0.02 second later in leads from the left side of the precordium 
than in leads from the right side.^^ In preeordial leads this downstroke 
is not nearly so sudden as in direct leads and, therefore, is somewhat 
more difficult to identify with certainty when the contour of the ven- 
tricular complex is complicated or unfamiliar. 
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BetAA^eeii tliose parts of the preeordiiim aa-McIi 3ield small E aud deep 
vS AvaAms and those Avhich ^deld QKS complexes of the opposite kind, there 
is a zone AAhich. jdelds complexes that are intermediate in foim or repre- 
sent a combination of the deflections obtained at points farther to the 
right and those obtained at points farther to the left. This zone Amries 
from subject to subject, both in location and in AAudth, and is probably 
not absolutely constant in either particular in one and the same subject. 
The Amntrieular complexes of leads from this transitional zone may 
display notching and otlier peculiarities of form. They represent a 
mixture to which the potential variations of those parts of the right 
ventricle and the potential A'ariations of those parts of the left A'-en- 
tricle Avliich are least distant from the exploring electrode contribute 
in approximatelA^ equal measure. 

The minimal, maximal, and mean Amltages of Q, E, S, and T in ]pre- 
cordial Leads Th, E2, V3, Ih, Er„ and Ye, and in uniiiolar extremity' 
Leads Yjt, Yl, and Yf, found bj^ Kossmanii and Johnston^ in their 
stud^’ of thirty noinial sulijeets, are given in Table I, AAhich is repro- 
duced in modified forai from their paper. 

Unipolar Linib Leads. — Unipolar leads from the right arm (U;?), 
left arm (Uz,), and left leg (Ff) furnish a Amluable means of com- 
paring the potential variations of these extremities Avith those of the 
right and left sides of the precordium and, consequently, of establishing 
relations betAveen the complexes of the standard limb leads and those 
of the precordial leads. Unipolar limb leads maA’ be taken by placing 
the exploring electrode used in taking the precordial leads on each of 
the extremities in turn or bj^ transferring the Avire connected to this 
electrode to each of the extremitA'- electrodes. "When this is done, the 
deflections obtained are often inconveniently small unless the sensitiA’ity 
of the electrocardiograph is increased to one and a half or tAAm tunes its 
normal value. Goldberger^- has introduced a procedure Avhich avoids 
this difficultAL In’ealdng the connection betAA'cen the central terminal 
and the extremity upon Avhich the exploring electrode has been placed, 
he increases the size of the deflections obtained by fifty per cent AAuth- 
out changing the sensitivity of his apparatus. The standard limb leads 
and the unipolar limb leads are, of course, directly and simply related. 
The deflections of any tAvo. leads of either set furnish all the data needed 
to compute the deflections of the other four. The equations AAhich ex- 
press these relations have been published elseAAhere^ and need not be 
repeated here. It inaj^ be pointed out here, hoAvever, that Avhen the 
ventricular complexes of Leads I and II are similar in form, the com- 
plexes of Lead Ye resemble the complexes of these leads turned upside 
doAAai ; that AAhen the complexes of Lead III are the inverse of those of 
Lead I, the complexes of Lead Yl are lilvc those of Lead I ; and that 
AAhen the complexes of Leads II and III are alike, those of Lead Yp 
have the same form. It should also be remembered that at any instant 
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the algebraic sum of the potentials of the three oxtrcinities is equal 
to zero. 

The Position of the Heart From the Electrocardiographic Standpoint. 
— The standard and unipolar electrocardiograms of six sulj.iects are re- 
produced in Fig. 3. Not all of these tracings are normal, but, so far 
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as the QRS complexes are concerned, .similar curves could be selected 
from any collection of normal records. They are arranged in ac- 
cordance with the position of the mean electrical axis of QRS: the one 
which displays the greatest degree of right axis deviation is at the top 
and the one which displays the greatest degree of left axis deviation is 
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at tlie bottom. It awU be noted that the potential variations of the right 
arm (Fi?) were always of the same general kind. In some cases, this 
extremity was slightly positive at the beginning, at the end, or both at 
the beginning and at the end of the QES interval, but throiighont by far 
the greater part of this interval it was conspicuously negative in all. 
The potential variations of the other two extremities varied gi’eatly with 
the position of the electrical axis. When this axis was shifted to the 
right, as in the first electrocardiogram, the potential variations of the 
left arm (Vz,) were like tliose wliich occur over tlie anterior surface 
of the dog 's right ventricle and over the right side of the precordium in 
normal subjects. The potential variations of the left leg (Fp), on 
the other hand, resembled those which occur over the anterolateral 
surface of the dog’s left ventricle and over the left side of the precordium 
in normal subjects. When the electrical axis was shifted to the left, 
as in the last electrocardiogram, just the reverse was the case; the po- 
tential variations of the left arm resemlfied those normallj^ found on 
the left side of the precordium, and the potential variations of the left 
leg, tliose normallj’- found on the right side.^^ 

When the heart is normal, the precordial electrocardiogram has es- 
sentially the same form regardless of whether the limb leads display 
right axis deviation, no axis deviation, or left axis deviation. It is 
evident, therefore, that, in noimal subjects with right axis deviation, 
the potential variations of the right ventricular surface are transmitted 
to the left arm and the potential variations of the left ventricular sur- 
face to the left leg, whereas, in normal subjects with left axis devia- 
tion, the potential variations of the right ventricular surface arc trans- 
mitted to the left leg and the potential variations of the left ventricular 
surface to the left arm. These differences in the magnitudes of the 
contributions made by the right and left ventricular surfaces to the 
potential variations of arm and leg can hardly depend upon factors 
Mng within the heart itself; they must be due to variations in the 
spatial relations between the surfaces of the two ventricles and the at- 
tachments of the extremities to the trmik. When the electrocardiogram 
is normal, there is an obvious correlation between the inclination of the 
mean electrical axis of QRS and the position of the heart. "W^ien the 
long axis of the heart is nearly vertical, right axis deviation is usuaHy 
present, and when the long axis of the heart is nearly horizontal, left 
axis deviation is usually present. We are justified, therefore, in using 
the teiTOS “vertical” and “horizontal” in defining the position of the 
heart from the purely electrocardiographic standpoint. So far as the 
normal heart is concerned, the first five of the sLx cardiac positions 
described below could be defined equally well in terms of the position 
of the electrical axis, but, if that were done, the definitions could not be 
applied when the heart was abnormal. 

From the purely electrocardiographic standpoint, we may then define 
the following six positions of the heart (Fig. 3). 
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Vertical Position . — 

a. The ventricular complexes of Lead Vl resemble those of 

Leads Fj and V». 

b. The vcnti'icular complexes of Lead 7r resemble those of 

Leads F., and F*.. 

Semiveriicnl Positions . — 

a. The ventricular complexes of Lead Yr -resemble the ven- 

tricular eomplexes of Leads F^ and Fg. 

b. The QKS deflections of Lead F/, are small. 

Ini ermediaie Position . — 

a. The ventricular complexes of Leads Yj, and Yf are similar 

in form and size and like those of Leads Fr, and Fe. 

Semihorizonial Position . — 

a. The ventricular complexes of Lead Vl resemble those of 

Leads Y^ and Fg. 

b. The QR.S deflections of Lead Yf are small. 

Horizontal Position . — 

a. The ventrieulai- complexes of Lead Yl resemble those of 

Leads F^ and Fg. 

b. The ventricular complexes of Lead Yf resemble those of 

Leads F^ and Y^. 

Indeterminate Position. — There is no obvious relationship bettveen 

the ventricular complexes of the limb leads and those of the 

precordial leads. 

As lonij ago as 1010, Kraus and Nicolai’'* asserted that the deflections 
obtained b}^ leading from the surface of the body arc very similar to 
those that would be obtained b\^ leading from those parts of the heart's 
surface beneath and nearest the electrodes. They based this opinion 
upon the principles that govern the distribution of electric currents in 
volume conductors. As regards precordial lead.s, we reached a .similar 
conclusion long before we knew that others had held this view, and we 
have demonstrated that there is a very close relation between the 
potential variations of a precordial electrode and the potential varia- 
tions of the underlying ventricular surface. Thare is considerable e%'i- 
dence of a less direct kind that the f>otential variations of the right 
arm are similar to the potential valuations of those parts of the heart's 
surface that are nearest the right .shoulder; that the potential variations 
of the left arm resemble the potential variations of those parts of the 
heart ’.s surface that are nearest the left .shoulder; and that the po- 
tential variations of the left leg are like the potential variations of the 
heart's diaphragmatic surface. 

■STc have already mentioned that the potential of the right arm is 
ordinarily negative throughout the greater part of the QRS interval. 
The reason lies in the relation of the right .slioulder to the great valvular 
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orifices at the base of the heart. The negativity of the veiitrienlar 
cavities is transmitted through these orifices to the adjacent parts of 
tile body, including the right shoulder and the right ann. The potential 
variations of this extremity do not represent the potential variations of 
the ventricular cavities in pure form, of course, but mixed witii the 
potential variations of other regions and particularly with tiiose of tiie 
surface of tiie right ventricle. Over the thinner parts of the free wall of 
this chamber, the potential is normally weakl}^ jiositive at the very be- 
ginning of the QRS interval, but during the rest of this interval it does 
not ditfer from that of the ventricular cavity. It is frequently impos- 
sible, therefore, to say whether the base of the heart or the right ven- 
tricular surface contributed most to the potential variations of the right 
arm. The same is sometimes true witli reference to the potential varia- 
tions of the left arm. It is well Icnown that when the heart assumes a 
more vertical position or tuiais about its long axis in the direction re- 
quired to bring the left ventricle below the right, the potential variations 
of the left leg become more like those of the left ventricular surface and 
less like those of the right ventricular surface, while the potential varia- 
tions of the left arm change in the opposite way. "Wlien the heart as- 
sumes a more horriontal position or twists about its long axis in the di- 
rection required to bring the right ventricle below the left, the effects 
upon the potential variations of the left arm and left leg are the reverse 
of those described. 

It is also true that, in myocardial infarction, the potential variations 
that occur at the epicardial surface of the infarct are transmitted to 
the left ann when tlie anterolateral wall of the left ventricle is involved 
and to the left leg when the diaphragmatic wall is involved. 

But although the anatomical position of the heart and its electro- 
cardiographic position are very closely related, there are reasons for 
believing that the correlation between the two cannot be perfect. It 
is evident that those parts of the right ventricular surface which play 
the most important role in determining the potential variations of the 
right side of the precordium are not identical vutli those parts of this 
surface which play the most important role in determining the potential 
variations of the left aim or left leg, as the case may be. A similar state- 
ment may be made with reference to those parts of the left ventricular 
surface which contribute most to the potential variations of the left side 
of the precordium. Significant relations between the ventricular com- 
plexes of the precordial leads, and the ventricular complexes of the 
unipolar limb leads of the kind upon which the determination of the 
electrocardiographic position of the heart is based, can be expected to 
occur, therefore, only when potential variations of one kind take place 
simultaneously over a large part of the right ventricular surface and 
potential variations of another kind take place simultaneously over a 
large part of the left ventricular surface. This is liliely to happen 
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when the heart is normal, in right and in left bundle branch block, and 
in preponderant hypertrophy of the right or left ventricle. It is much 
less likely to happen when there are lesions which give rise to local 
modifications of the potential variations at the surface of the heart or 



which have opposite effects upon the potential variations of different 
parts of the surface of the same ventricle. For tliis reason and be- 
cause the potential variations of the extremities often represent com- 
plicated mixtures, it is often impo,s.sib]e in eases of myocardial disease to 
establish any relation between the potential variations of the prccordium 
and the potential variations of the extremities. 
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It sliould be noted that the electrocardiographic position of the lieart 
niaj change even though the anatomical position remains the same. 
This is true because the former is determined not onlj’’ by the orientation 
of the surfaces of the two ventricles, but also by the distribution of po- 
tential variations of various kinds on each of them. In bundle branch 
block, for example, the regions in whicli the same kind of potential 
variations occur at the same time are not exactly the same in extent 
and configuration as when the heart is normal. Consequently, the 
onset of bundle branch block may, although it usually does not, alter 
the position of the heart from the electrocardiographic standpoint. 

Tli& Precorclial Electrocai'diograms of Dog and Man . — The electro- 
cardiograms reproduced in Fig. 4 represent observations made in the 
course of an experiment upon a normal dog. Standard limb leads, 
unipolar limb leads, and nine unipolar preeordial leads were taken. 
The first precordial lead was from a point 4 cm., and the second from a 
point 2 cm., to the right of the midline; the other precordial leads were 
taken by moving the exploring electrode across the precordium in a base- 
apex direction and were from points 2 cm. apart. The preeordial curves 
closely resemble the normal human curves obtained by the same method. 
The potential variations of the two forelegs Avere similar; both ex- 
tremities Avere negative throughout the greater part of the QES inteiwal 
(Leads Yr and Vr). The A^entrieular complexes of Lead Yr are like 
those obtained from the left side of the precordium (Leads Pr„ P^, P^, 
Ps, and Pg) and the deflections of Lead Yl are smaller than those of 
the other unipolar limb leads. The heart, then, AAms in the semivertieal 
position. 

The electrocardiograms sIioaati in Fig. 5 are reproduced to demon- 
strate that there are no essential differences betAA^een the preeordial 
electrocardiograms obtained in canine bundle branch block and those 
obtained in human bundle branch block. The curves of the first set 
represent left branch block in man; those of the second set left branch 
block in the dog. In both eases the ventricular complexes of tlie leads 
from the right side of the precordium display small B and broad S 
deflections, indicating that the excitatory process arrived at the surface 
of the right ventricle very early in the QBS interA^al. The ventricular 
complexes of the leads from the left side of the precordium, on the other 
hand, are dominated by broad notched B A\mves of the kind seen in di- 
rect leads from the anterolateral AAmll of the left ventricle after section 
of the left branch of the His bundle. The curves of the third set repre- 
sent human right branch block, and those of the fourth set, canine right 
branch block. Here the complexes of the leads from the right side of 
the precordium display a small initial B and a tall final B deflection and 
are similar to those obtained by leading directly from the surface of 
the right ventricle after the right branch of the His bundle has been 
cut. The ventricular complexes of the leads from the left side of the 
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precordram show narrow E and broad notched S deflections, indicating 
early activation of the left ventricular surface. It is evident that, if 
precordial leads instead of limb leads had been used in the early studies 
of exiierimental and clinical bundle branch block, human left branch 
block could never have been mistaken for right branch block over a 
period of- nearly twenty years. The confusion which prevailed over 
this long period arose because the dog’s heart is almost always in the 
semivertical position, whereas, in patients with arteriosclerotic heart 
disease, the heart is usually ui either the semihorizontal or the hori- 
zontal position. Since the relations between the surfaces of the two 
ventricles and the attachments of the extremities to the trunk are 
not constant in man, the differentiation of human right, from human 
left, bundle branch block, on the basis of the data furnished by limb 
leads alone, is sometimes impossible. 

Comparison of Precordial and Direct Leads . — The similarities and 
differences between unipolar precordial leads and unipolar direct leads 
from the anterior surface of the heart can be appreciated only when 
these two kinds of leads are directly compared. In a number of ex- 
periments on dogs, we cut one of the branches of the His bundle under 
aseptic conditions, restored the chest, and allowed the animal to recover 
completely. Approximately one month after this operation, unipolar 
precordial leads were taken with the chest intact. The heart was then 
exposed by splitting the sternum and the potential variations of numer- 
ous points on its anterior surface were recorded. 

The curves shown in Fig. 6 are from an experiment in which the 
right branch of the His bundle was cut twenty-six days before the 
electrocardiographic studies were made. Six of the precordial electro- 
cardiograms are reproduced (Pi, P,3, P 5 , Pc? ond Ps). Below these 

are the records of the potential variations of three points on the right 
ventricle (points d, 5, and 6), one point near the interventricular sulcus 
(point 3), and two points on the surface of the left ventricle (points 1 
and 2 ) . Point 4 was on the conus, point 5 near the atrioventricular . 
groove, point 6 in the central region, and points 2 and 1 on the left 
border above the apex. 

The first three curves of the bottom row were obtained before the 
chest was opened by thrusting a sharp exploring electrode, insulated 
except at the extreme tip, through the chest wall on the right side of 
the precordium. The first curve was taken when the tip of the electrode 
was just beneath the skin, the second when it touched the heart and 
yielded a monophasic response, and the third when it was in the cavity 
of the right ventricle. The last three curves were obtained in the same 
way except that the sharp electrode was thrust through the chest waH 
: at a point just inside the apex beat, consequently entering the cavity of 
the left ventricle. It wiU be noted that the cavity of this chamber was 
negative throughout the QES interval. The potential variations of the 
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cavity of the right ventricle were not of tlie usual form inasmuch as tlie 
positivity of this chamber, due to the spread of the imjjulse through the 
septum from left to right, did not occur at the very beginning of the 
QRS interval as it ordinarily does. The 11 wave to which it gave rise 
is preceded, therefore, by a Q deflection. 



Tigr. C. — ^Precordial and direct leads in canine right branch block. (1) The pre- 
cordial electrocardiogram, (2) Direct leads Irom throe points on the right and three 
jioints on the loft ventricle. (21 lit. O, Potential variations of the cavity of the right 
ventricle. lA. O, Potential variations of the cavity of the left ventricle. 

The curves shown in Fig. 7 are fi’om an experiment in which the 
left branch of the His bundle was cut twenty-seven days before the 
electrocardiographic .studj’^ was made. Eight precordial electrocardio- 
grams ai'e reproduced. Below the.se are I’ecords of the potential varia- 
tions of the cavity of the i-ight ventricle {12o), three points on the 
right ventricle {8, 3, 5), three points on the left ventricle {6, 1, 7), and 
the cavity of the left ventricle {13c). Point 8 ivas near the atrioi'cntricu- 
lar groove, point 3 in tlie upper part of the central region, point 5 
close to the trabeculated region, point 6 near the apex, and points 1 
and 7 on the left border well above the apex. It will be noted that the 
cavity of the light ventricle was negative throughout the QJiS interval 
while that oi the left vxTitriele dLspla^md initial positivity. 
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The similarity between the potential \mriations of the exposed sur- 
face of the right ventricle and the potential variations of the right 
side of the preeordiiim, and betiveen the , potential variations of the 
surface of the left ventricle and those of the left side of the preeordium 
in these two experiments requires no comment. We may point out, 
however, that the first peak of the bifid R waves often recorded over 
the delayed ventricle occurs when tlie cavity of that ventricle is positive, 
whereas the second peak, whicli marlvs the l3eginning of the intrinsic 
deflection, occurs when tlie cavity is negative. In tJiose cases in which 
the peak of this broad R wave is not divided, the first peak is usually 
represented by a shoulder on its ascending limb. 



Pig. 7 . ^Precordial and direct leads in canine left branch block. (1) The pre- 

cordial electrocardiogram. (2) The potential variations of three points (8, 3, 5) on 
the right, and three points (G, 1, 7) on Uie left ventricle. Potential variations of 
the cavity of the right (72c) and of the cavitj'- of the left {73c) ventricle. 

Human Bundle Branch Bloch . — There can be no reasonable doubt 
that, in man as in the dog, the potential variations of the right .side of 
the preeordium (Leads and Fo) ordinarilj' resemble the potential 
variations of the anterior surface of the right ventricle, while the po- 
tential variations of the left side of the preeordium (Leads and Fg) 
ordinarity resemble the potential variations of the anterolateral surface 
of the left ventricle. 

The electrocardiograms shown in Pig. 8 are those of a man who was 
examined both before and after he developed left bundle branch block. 
The tracings of March 28, 1940, display slight left axis deviation and 
flat T waves in Lead II j the QRS interval measures about 0.09 second. 



42 


AMERICAN HEART JOURNAI, 


On Dec. 9, 1940, left branch block was pre.sent. On this occasion, uni- 
polar limb leads, unipolar precordial leads, and unipolar leads 'from 
the left infraseapular region were taken. The potential variations of 
the left arm (Vj,) were similar to those of the left side of the prc- 
cordium and the left infrascapular region, whereas the potential varia- 
tions of the left leg were like those of the right side of the preeordium 
in general outline. The heart was then in the horizontal position. 



The electroeardiogram.s shown in Fig. 9 are those of a tali thin man 
who wa.s examined for the Gist time on Fob. 3, L937, irhen his electro- 
cardiogram was normal. TJiei'e was no deviation of the mean electrical 
axis at this time. On April 14, 1940, left bundle branch block was 
px’esent and there were bx’oad notched Ji de/lections in Leads T and TJ 
and broad S deflections in Lead III. TJie preeordial electroeardiogi’ams 
of that date di/Tcr in no e.s'sential particular from those reprodneed and 
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the heart was ewdently in the semiliorizoiital position. On Nov. 27, 
1940, and on Dec. 6, 1940, the veiitricnlar complexes of the standard 
limb leads were of the concordant type. The unipolar leads taken on 
the latter date show that the potential variations of the left leg were 
lilve those of the left side of the preeordimn and the left infrascapnlar 
region. The potential variations of the left aim were small on both 
occasions. On these two days the heart was in the semivertieal position. 



The patient whose electrocardiograms were reproduced in Fig. 10 was 
under observation from Feb. 26, 1941, until ]\Iarch 22, 1941. The 
ventricular complexes of the standard limb leads were quite variable in 
form. The curves taken on February 28 display* discordant ventricular 
complexes of the kind ascribed to bundle branch block .of the rare type. 
Those taken on Slarch 14 show small bizarre QES deflections in Lead I 
and diphasic QES complexes with broad initial E waves in Leads 11 and 
III. ' In the tracings taken on Feb. 26, March 13, March 18, and J\larch 
26. tlie ventricular complexes are intermediate in form between the two 
types reproduced. Precordial electrocardiograms were taken on March 





Ij'lp. limm'U block: hoovl in tljo vcrtlciU position, (b'nnn an article by Wilson.") 
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4 and on March 14, and the two sete of curves differ onlv as regards 
the form of the ventricular complexes of Lead V,. Differences of this 
kmd have no , important significance. They are apparently due to varia- 
tions in the position of the heart or to slight variations in the locations 
of the precordial points explored. The precordial electrocardiograms 
demonstrate beyond question that the conduction defect was in the left 
branch of the His bundle and not in the right.- men they are com- 
pared with the unipolar extremity curves taken on February 28, it is 
clear that the heart was then in tlie vertical position. On that date, 
tlie potential variations of the left arm were like those subsequentl 3 >- 
found on the right side of the precordium and the potential variations 
of the left leg like those found on the left side of the precordium. On 
i\Iarch 14, tlie heart was in a somewhat different position. On that da 35 
the potential variations of the left arm and of the left leg were ap- 
parently complicated mixtures of components transmitted from the sur- 
face of the right ventricle, and components derived from the surface of 
the left ventricle. 



Fig. 11. — Right bundle branch block induced by quinidine ; heart in the scir.ihorizontal 

position. 


The electrocardiograms reproduced in Fig. 11 are those of a j'oung 
woman with ulcerative colitis who developed right bundle branch 
block on two different occasions after the administration of 0.4 Gm. of 
quinidine sulfate. Before the drug was given, slight left axis deviation 
was present, but, apart from inversion of the T waves in Lead TL. both 
the standard and the precordial electrocardiogram were within normal 
limits. In botli sets of curves, tlie ventricular complexes of Jjead Vj, 
resemble those of Leads TL, and Fc, and the deflections of Lead Vp are 
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small. The lieart was then in the semihorizontal position. It will be 
noted that the onset of right branch block produced more striking 
changes in the form of the ventricular complexes of Lead 7^ than in the 
form of those of Leads and 7g. In the latter, the R wave was slightly 
smaller and the S deflection deeper and broader after the block than 
before; in the former, the deep S originally present was replaced by a 
broad slurred R' wlien tlie block developed. When the cardiac mech- 
anism was Jiormal, tlie transitional zone which yields complexes inter- 
mediate in form between those obtained from points farther to tlie 
left and those obtained from points farther to tlie right lay between pre- 
cordial points 2 and 3. Wlien right branch block was present, it laj^ 
between points 1 and 2 ; only the first preeordial lead yielded ventncular 
complexes of the kind seen in direct leads from the .surface of the 
right ventricle. On the second occasion on which right branch block 
was induced bj’" quinidine, this apparent shift in the transitional zone 
did not occur. 

The electrocardiograms reproduced in Pig. 12 represent right bundle 
branch block in a man who.se heart was in the semivertical position. 
The precordial electrocardiogram di.splays the features irsually associ- 
ated vdth this conduction defect; the transitional zone lay between 
points 3 and 4. In the standard limb leads the ventricular com- 
plexes are of the concordant type. The potential variations of the 
left leg "Were like those of the left side of the preeordium and the po- 
tential variations of the left arm were very .small. 

The eleetroeardiogi’ams reproduced in Fig. 13 are those of a man, 
aged 62 yeans, with arteriosclerotic heart disease. The ventricular com- 
plexes of the standard limb leads suggest that left branch block was 
present. It should be noted, hoAvever, that a Q and an S deflection are 
pre.sent in Lead I; both of these eomponenls are extremely rare in this 
lead in left branch block but common in right. The preeordial electro- 
cai’diogram .shows that the conduction defect was on the right side, but 
it is peculiar as regards the size of the R deflection in Leads P., and V r,- 
The small size of the R waves in these leads .sugge.sts that the block was 
complicated bj" some factor which dimini.shed the magnitude of the 
forces pi’oduced by activation of the anterolateral wall of the left ven- 
tricle. Although no unipolar limb leads were taken, the form of the 
complexes of the .standard limb leads shows that the potential variations 
of the left leg were like those of the left side of the preeordium and the 
potential variations of the left arm like those of the right side of the 
pi’eeorditim. The heart was, therefore, in the vertical i^osition. 

^Vlien the QRS interval mea.sures 0.12 second or more, and the QRS 
complex in Lead I is monophasie and consists of a broad, .slurred, flat- 
•topped, or bifid R deflection, the prccoi’dial curves are, almost always, 
characteristic of left branch block. When the QRS inteiwal mea.sure.s 
0.12 .second or more, and tlie QRS eomple.x in Lead I is biphasic or 
triphasic and ends with a broad, .slurred or notched S deflection, the 
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preeordial curves are, in the vast majority of eases, characteristic of 
right bundle branch block. The occasional exceptions to these general 
rules are due to a number of dilferent causes. When the heart is in the 
vertical position, the limb leads may suggest that right branch block is 



12. — ^Right bundle branch block; heart in the semivertical position. 



p’jp 13 Right bundle branch block; heart in the vertical position. (From an article 

by Wilson.’=) 

present ivhen the preeordial curves are characteristic of left branch 
block, and vice versa. In other instances, the prolongation of the QES 
interval is due to a general depression of the conductivity of the 
Purldnje tissue or to local lesions involving the subendocardial Purldnje 
nerivork over a considerable area (“arborization block The latter 
is seen most often in association with extensive myocardial infarction. 

When the QES interval measures 0.12 second or more, and the pre- 
eordial electrocardiogram shows some but not all of the features tjiiieal 
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of right or of left branch block, the conduction defect cannot be located 
Muth certainty. Sometimes this situation arises because this defect is 
associated -with lesions which modifj’- its effects upon the electrocardio- 
gram. Sometimes it depends upon peculiarities in the extent or loca- 
tion of the transitional zone, which separates the parts of the prccoi’dium 
that display potential variations like those of the anterior surface of 
the right ventricle, from the parts of the precordium that display po- 
tential variations like those of the anterolateral surface of the left ven- 
tricle. This may be so far to the left or so far to the right that all of 
the six standard preeordial leads jdeld ventricular complexes of the same 
type. When this happens, it is desirable to take additional unipolar 
leads so arranged as to cross this zone. It is still impossible to say 
why the transitional zone is so variable in vadth and location. Finally, 
it should be emphasized that in many cases of bundle branch block there 
is no obvious relation between the form of the ventricular complexes of 
the precordial leads and the form of the ventricular complexes of the 
limb leads. In the.se ea.ses the po.sition of the heart must be cla.ssed 
as indeterminate. 

When the QRS interim! is abnormally long but measures distinctly 
less than 0.12 second, the precordial curv'os are seldom characteri.stic of 
complete bundle branch block. In rare instances they are typical of 
right branch block even though the QES interval of the limb leads is 
not much greater than 0.10. In mo.st of the ca.ses of this kind that we 
have seen we suspected that the right ventricle was greatly hyper- 
trophied, and it is possible that this condition was in part re,sponsible 
for the form of the preeordial electrocardiogram. 

Unipolar preeordial leads make it po.ssible to diagnose incomplete 
right bundle branch block in manj’- cases in which it cannot be recog- 
nized by Other means. Except under .special ciremn.stance.s, the diag- 
nosis of incomplete left branch block is still very difficult to make with 
certainty. 

The electrocardiograms reproduced in Figs. 14 and 15 represent the 
alternation of complete vdth incomplete right branch block. The first 
ventricular complex of each pair represents complete, and the second 
incomplete, block. It will be noted that as regard.s their earliest com- 
ponents the paired complexes are identical in all leads. In the ca.se of 
the limb leads and the leads from the left .side of the precordium (T', 
and Vc), the sole difference lies in the %ridth of the final QTJE com- 
ponent and the size of the T deflection. In the leads from the right .side 
of the precordium (Vi and F,), from the tip of the ensiform process 
(Fh), and from the right nipple line, the difference is much greater,' the 
large final II' deflection of the fii-st complex is veiy much .smaller (Fj 
and Ve) or embiyonic® in the second (V'j). The prc.sence of .such 

•This term i.s to Indicator that the peak of thi.v detlection doe.>5 not rise above 

the Ievc-1 of the trace at the beginning- of the QRS lnterv.al. 
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small or embiyonic U' deflections, in addition to an initial E wave in 
the leads from the right side of the precordium, strongly suggests that 
incomplete right branch block is present, particularly when tlie QRS 
interval is slightly increased and there is a broad S wave in. Lead I 
and in the leads from the left side of the precordium. It is advisable 
to take precordial leads whenever the QRS complex of Lead I is of 
this Idnd. 



Pig'. 14. — Complete and incomplete right bundle branch block ; standard and unipolar 

limb leads. 



In incomplete left bundle branch block, the precordiai electrocardio- 
gram resembles that seen in preponderant hypertrophy of the left 
ventricle and. the two conditions frequently coexist. The presence of a 
Q deflection in the leads from the left side of the precordium excludes 
the former, but the absence of this deflection does not differentiate one 
from the other. 



AMERICAN HEART JOURNAL 



Transient Branch Bloch . — ^In the vast majority of the cases of human 
bundle branch block, there is no way of knowing whether all the electro- 
cardiographic abnormalities present are due to the conduction defect or 
whether some of them are the result of the other lesions which arc al- 
most always present Cases in which the electrocardiogram is noi-raal 
after branch block disappears, or immediately before it develops, are, 
therefore, of unusual interest. In such cases the effects produced by 
the block are uncomplicated b}^ other factors. 



The electrocardiograms reproduced in Fig. 16 are those of a woman, 
aged 55 years, who had sjunplonrs suggesting hj’^pei’thjT.’oidism. She was 
under observation from Oct. 13, 1936, until Nov. 3, 1936. Left branch 
block was present when the patient wms seen for the hi^st time, but, on 
October 19, the standard extremity cur%'es were normaL At tliis time 
the precordial curves were normal as regards the QFS complexes, but 
the T waves were .sharply inverted in Leads V^, Fg, Fg, and F^. This 
case conforms to the rale that abnormalities v.'hieh are confined to the 
leads from the right side of the precordium are not accompanied by 
similar abnormalities in the limb leads. It iilusti-ates the value of pre- 
cordial leads in detecting lesions which produce electrocardiographic dis- 
turbances of this kind. On October 22, the branch block v/as again pres- 
ent. In the standard leads the broad notched QES deflections were of 
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low voltage and of the concordant type. In the precordial leads the 
voltage, of the chief QES deflection was so large that, in order to record 
it properly, it was necessaiy to reduce the string galvanometer to one- 
half the normal sensitivity. It will he noted that the, conduction defect 
greatly reduced the size of the R waves in the leads from the right side 
of the precordium, abolished the inversion of the T waves previously 
present in these leads, and shifted the transitional zone to the left. In 
the leads from the left side of the precordium (Fg and Fg), it gave rise 
to monophasic QRS complexes consisting of broad, bifid R deflections. 
It is evident that the heart was in the semivertical position. 

The electrocardiograms reproduced in Fig. 17 are those of a woman, 
aged 24 years, with rheumatic heart disease. She was under observa- 
tion from Nov. 16, 1938, imtil April 25, 1939. When she was first 
seen, the electrocardiogram displaj'-ed rather large P deflections, but 
was not definitelj' outside normal limits. On April 5, the P-R interval 
measured 0.32 second, and right branch block was present. On April 
14, the electrocardiogram was normal and precordial leads were taken. 
On April 25, right branch block was again present and the precordial 
leads were repeated. It will be noted that the bloelt gave rise to a large 
final R' deflection in Leads Fj and Fo, inverted or flattened the T waves 
in the first four precordial leads, made the R deflections somewhat 
smaller in the leads from' the left side of the precordium, and produced 
broad S waves in Leads F 5 and Fg. 

Ventricidar Hypertrophy . — Preponderant hypertrophy of the left 
ventricle increases the thiclaiess and the buUc of its walls. When un- 
complicated, its chief effect is, therefore, to exaggerate the normal dif- 
ference in this respect between this chamber and its fellow. It is not 
surprising, then, that in left ventricular hypertrophy, unipolar pre- 
cordial leads yield curves which, in their broader aspects, are not un- 
lilm those obtained when the heart is normal. The chief differences 
are these: In left ventricular hjT^ertrophy the voltage of the chief 
deflection of the QRS group is on the average much greater than nor- 
mal, and the QRS interval is increased to 0.10 or even 0.11 second. In 
the leads from the right side of the precordium the R deflections are, on 
the average, much smaller than normal and may be absent.^" The 
transitional zone is, as a rule, much displaced to the left. In the leads 
from the left side of the precordium, -R, and often Q as weU, is ab- 
normally large ; the peak of R occurs abnoimally late in the QRS inter- 
val; and the T deflections are inverted. 

By increasing the bulk, and tliickness of its walls, preponderant h 5 ^per- 
trophy of the right ventricle tends to abolish or reverse the normal dif- 
ference between it and the left. In high-grade right ventricular hy- 
pertrophy, the precordial curves are, as regards their broader aspects, 
somewhat like those obtained in right branch block, but the QRS inter- 
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val is not increased and the QllS deflections ai'c not ordinarily broad, 
slurred, or notched. On the avcj'age, the voltage of llie chief QJiS 
deflection is above normal although not as la’i-ge as in left ventricular 
hypertrophy.’' In the leads jj-om Ihe right side of Ihe prer-rmlium, 
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the R v.-ave is very large, Q is frequently present, .S is usually absent, 
and the T deflections are counnonJy inverted. In some in.stances a small 
initial uincard deflection precedes the first dov.nward deflection of the 
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QES group, but we suspect that tlie preseuee of sucli a summit may be 
due to incomplete right branch block. In the leads from the left side 
of the precordium the R deflections are abnormally small and the S 
deflections abnormally large. In otlier words, the precordial curves 
are opposite in type to those obtained when the heart is normal. 



Fig. IS. — Left ventricular mTJertrophy; heart in the horizontal or semihorizontal 

position. 


In left A’elitricular hypertrophy the ]iosition of the heart has the 
same eflleet upon the mean electrical axis of QRS as in normal sub.iects. 
The electrocardiograms reproduced in Fig. 18 are tlio.se of a man, aged 
54 years, with Inyiertensive heart disea.se. The standard extremity 
curves display left axis deviation, a QRS interval inea.suring approx- 
imately, 0.10 second, and prominent Q waves, abnormally large R de- 
flections, and uiverted T waves in Lead I. The precordial curves, which 
were taken with the galvanometer at one-half the normal sensitivity, 
are characteristic of left, ventricular hypertrophy. Although no unipolar 
limb leads were taken, it is clear that the heart Avas in the horizontal or 
semihorizontal position. 
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Tlie electrocardiograms reproduced in Fig. 19 are tho.se of a woman, 
aged 50 years, with hypertensive heart disease. No axis deviation is 
present, but the R deflections are abnonnally tall and tlie T waves in- 
verted in all of the standard limb leads. The QR>S interval is slightly 
increased. The precordial curves, which were taken with the galvanom- 
eter at one-half the normal sensitivit}”, are characteristic of left ventricu- 
lar hypertrophy. The potential variations of the left leg were like 
those of the left side of the precordium and the potential variations of 
the left arm were small. The heart was in the semivertical position. 



19. — Left ventricular hypertrophy; heart in the .semivertical po.Mition. 

The eleetrocardiogi-ams reproduced in Fig. 20 are those of a young 
man, aged 16 yeans, ndth rheumatic heart di.s'ea.se, aortic stenosis and 
regurgitation and probably mitral stenosis, and an enormously enlarged 
heart. Right axis de\nation is present, the T deflections are inverted 
in Leads II and III, the P-R interval is increased, and the P deflections 
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are large and deformed. Seven preeordial leads were taken, the last, 
marked V^, from the posterior axillary line at the level of the apex, 
which was hot far inside this point. The precordial curves, which were 
taken -with the galvanometer at one-half the normal sensitmty, are 
characteristic of left ventricular hypertrophy. Although unipolar limb 
leads were not taken, it is evident the potential variations of the left 
leg were like those of the left side of the precordium and the potential 
variations of the left arm like those on the right side of the precordium. 
The heart was, therefore, in the vertical position. 



Pig:. ,20. — ^Left ventricular hypertrophy; heart in the vertical position. (From an 
article by Wilson, Johnston, Cotrim, and Rosenbaum.’®) 

The electrocardiograms of two patients with right ventricular InTper- 
trophy are reproduced in Fig. 21. The curves of the upper set are 
those of a woman, aged 34 years, who had pulmonary hypertension of 
unkno^vn origin. The limb leads displaj’^ conspicuous right axis devia- 
tion. The precordial curves are characteristic of right, ventricular hy- 
pertrophy; tall R waves, prominent Q waves, and inverted T tvaves 
are present in Lead and small R and deep S tvaves in Leads Y., 
and Fo- The potential variations of the left arm were like the potential 
variations of the left side of the iireeordium, and the potential varia- 
tions of the left leg resembled those of the right side. The heart was 
in the horizontal position. The curves of the second set are those of a 
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man, aged 40 yeans, with mitral stenosis and aortic insufficiency, Tim 
precordial curves are cha)'acteri.stic o£ right ventricular hypertrophy. 
Large S waves and small R Ava.ves are present in all of the slandard 



limb leads. Here the vcnlrieular complexes of the unipolar leg lead are 
like those of Loads IL and Vr,; the complexes of the right arm lead arc 
like those of Lead I'l, and the cornirlexcs of the left ai-m lead appai'ently 
represent a mixture of the potential variation,^ of the other two e.x- 
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tremities. In this case the heart was apparently in the semivertical 
position. 

Wlien the heart is greatly enlarged, it is ordinarily in the horizontal 
or seinihorizontal position. In either case, left ventricular hypertrophy 
produces left, and right ventricular hypertrophy produces right, axis 
deviation. When the heart is in the semi vertical position, kft ventricu- 
lar h^qtertrophy produces ahnormally tall E waves and, usually, inverted 
T waves, and right ventricular h^^iertrophy produces large S waves in 
all of the standard limb leads. Wlien the lieart is in the vertical position, 
left ventricular hypertrophy produces right, and right ventricular 
hypertrophy should produce left, axis deviation, although we have not 
as yet seen the latter occur. 

The precordial curves of left ventricular hypertrophy are distin- 
guished from those of left Ijimdle branch block by the absence of slurred 
or bifid R waves and the great frecpieney of Q deflections in the leads 
from the left side of the preeordium. In left branch block, the presence 
of Q in these leads suggests that the diagnosis is wrong or that seiital 
lesions which prevent initial positivity of the left ventricular cavity 
are present. Tlie QRS interval is almost always less than 0.12 second 
in hypertrophy, whereas, in block, it equals or exceeds this figure. 

The precordial curves of right ventricular hjiiertrophy are distin- 
guished from those of right * bundle branch block by the absence of 
double or bifid E waves in the leads from the right side of the pre- 
cordium, by the small size of the E waves in the leads from the left side 
of the preeordium, and by the absence of a greatly increased QES 
interval. 

It must be admitted, liowever, that eases are frequently encountered 
in which it is impossible to say with certainty whether the electro- 
cardiographic changes are due to hypertrophy alone or to hypertrophy 
plus incomplete bundle branch block. 

Myoccvrclial Infarction . — The cliaractcr of tlie potential variations at 
the epieardial surface of an infarct depends upon the stage of infarc- 
tion and upon whether the whole thickness of tlic ventricular wall or 
only the subendocardial layers of muscle arc involved. Immediately 
after ligation of the anterior descending coronary artery or one of 
its branches in experiments upon the dog’s heart, direct leads fiuni the 
region supplied by the vessel occluded displai" pronounced upward dis- 
placement of tlie ES-T junction, which persists for many hours but 
disappears when the muscle affected dies or recovers.^® This ES-T dis- 
placement is accompanied by a corresponding reduction in the voltage 
of the intrinsic deflection. Wlien the whole thickness of the ventricu- 
lar wall is involved and the infarcted muscle is alread 3 ’ dead or ineapalfle 
of responding to the excitatory impulse, the potential variations of the 
liart of the ventricular cavity adjacent to the infarct are faithfully 
transmitted to its epieardial surface. Since the ventricular cavities 
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are nonnally negative throughout the QRS interval, direct leads from 
the central part of the infarct then yield QRS complexes which con- 
sist of a monophasic dovoiward deflection (QS deflection). In many 
eases, some fraction of the muscle in this region remains alive and 
gives rise to an emhrjmnie R -wave which produces a notch on the de- 
scending or ascending limb of the single QRS component. T^Tien the sub- 
endocardial layei’s of muscle are for the most pari dead or incapable 
of responding to the cardiac impulse, and the outer layers of muscle are 
relatively normal, the embryonic R rises above the base line and be- 
comes a true R deflection. The QRS complex then consists of an ab- 
normally large Q followed by a small R and often by an S deflection 
also. Since infarcts of the left ventricular wall are usually more e.x- 
ten-sive on the endocardial than on the epieardial side, QRS complexes of 
this kind are eommonlj^ seen in direct leads from the marginal paris of 
the infarcted area.’® These same zones also 3aeld deep, sharplj^ inveifed 
T deflections due to an increase in the duration of the excited slate at 
the epieardial surface. In the dog, the T-wave changes develop some 
hours after infarction begins, and ordinarily disappear almost com- 
pletely within twentj’-'four hours or less. In man, they commonly last 
for some weeks or months. 

The potential variations of the epieardial surface of the infarcted 
region are transmitted to the adjacent paris of the body. Wlien the 
anterior wall of the left ventricle is involved, thej’- are transmitted to 
the preeordium; if the anterolateral wall is involved, they are also 
transmitted to the left arm. If the posterior wall is infarcted, they 
are usually transmitted to the ventricular levels of the esophagus, to 
the back, and to the left leg. The potential variations of points at some 
distance from the heart but on the .same .side of it as the infarcted region 
are, of course, a mixture of components derived from the epieardial sur- 
face of the infarct, from regions adjacent to it, and from other parts 
of the ventricular surface. It is onlj’- when the infarct is large that 
characteristic curves are obtained bj' leading from regions distant from 
it. The potential valuations of paris of the bodj’’ on the side of the 
heart opposite the one involved, as regards their general character, 
are the inverse of those that occur at the surface of the infarct. 

The diagnosis of myocardial infarction can be made vdth certainty 
from the electrocardiogram alone only when characteristic changes in 
the QRS complex oectu* in association with R.S-T displacement or typical 
changes in the T deflections. Changes in the QRS complex have more 
diagnostic value than di.s'placement or changes in the T waves when 
only electroeai-diographic data are available, but they are not con- 
clusive. When clinical data are available and are stronglj' suggestive 
of infarction, and serial curves are taken, the opposite is true because 
of the relatively rapid, pi'ogi'essive changes which the T complex under- 
goes. Similar changes may occur in pericarditis, but u.sually this can 
be ruled out on clinical grounds. 
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From the electrocardiographic standpoint, there are many tyiies of 
infarcts which differ one from another as regards the character of the 
electrocardiographic changes and the- leads in which they occur. 
Wliether some of these’ varieties are determined the position of the 
heart rather than the location and extent of the infarcted region, only 
the future can decide. 

T-Wave Ghmiges Only . — The electrocardiograms reproduced in Fig. 

22 are those of a physician, aged 67 years, who was first seen on Aug. 7, 
1934. At that time, the standard Imb leads showed a considerable shift 
of the electrical axis to the left, but no other notable features. ]\Iyo- 
cardial infarction occurred earl^’- in March, 1940. Six weefe later 
(April 25, 1940) there was sharp inversion of the T deflections in all 
of the precordial curves although the limb leads showed no significant 
changes. After' eight months, all electrocardiographic evidence of 
infarction had completelj'- disappeared. The patient made an un- 
eventful recovery. "We have seen no instance of serious cardiac im- 
pairment following anterior infarction which produced no electro- 
cardiographic abnormalities other than sharp inversion of the T waves. 

Transient QRS Changes . — The electrocardiograms reproduced in Fig. 

23 are those of a man who began to have symptoms tjTDical of coronary 
thrombosis at 6 :40 p.im., on Oct. 6, 1936, while he was under treatment 
for prostatic hjTpertrophy, On the following day, the standard electro- 
cardiogram showed extremely small QRS deflections and flat T waves in 
Lead I. In the precordial le’ads there was a progressive diminution 
in the size of R as the exploring electrode was moved from the first to 
the fourth position, and this deflection was abnormally small in 
Leads and Fq. A month later, the QRS deflections were normal, 
but there was sharp inversion of the T waves in all of the limb leads and 
in the last four precordial leads. The patient’s recovery was complete 
and luiinterrupted. 

It is apparent that, in this instance, the infarcted muscle was, for a 
time, incapable of responding to the excitatory impulse, but it was 
not dead and subsequently recovered its excitability. Very pronounced 
alterations in the QRS complex of the kind observed in this case seldom 
disappear completely, but they often undergo a very slow and much less 
pronounced retrogression. Very often, clear-cut and characteristic de- 
formities of this complex and, much more rarely, residual changes in 
the T waves are still present years after the cardiac accident. An 
instance of this kind is illustrated in Fig. 24. The patient developed 
myocardial infarction in May, 1934, when he was 23 years old. The 
electrocardiograms taken at that time are not verj’- different from those 
reproduced, which were made seven years later. "When last seen, this 
young man was working and was free of symptoms. Note that the 
ventricular complexes of the unipolar left arm lead are like tliosc of 
Lead Vs. 
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Pet sisfent RS-T Displucement . — The cleetrocardiograms reproduced 
in Pig. 25 are those of a man, aged 73 years, who began to have angina] 
pain late in May, 1941, and developed myocardial infarction on June 11 
of that year. Very pronounced RS-T displacement of the kind com- 
monly seen in very recent anterior infarction was still present on Nov. 7, 



1941, when the finst electrocardiogram was taken, and remained es- 
.scntiallj^ unchanged on Apia) 20, 1942. The patient developed con- 
ge.stive cardiac failure but bad che.st pain only during the earl ie.st stage 
of his illne.ss. Complete healing of the infarcted mu.scle must have 
taken place long before the last curves were made. Ordinarily, pi’O- 
nouneed RS-T di.splacement of the kind in question peisists for a few 
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Pig. 23. — Anterior myocardial infarction ; transient QRS ciianges. 



C^Ctonai'cj ce:c/c/9fof} "F <^^0. 


Pig. 24. — Anterior myocardial infarction ; persistent changes in the QRS complex and 

residual changes in tlie T waves. 
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liours, or, at most, for a few days. Why it persists in rare instances 
for weeks or months is still a mystery. In three eases of this soH, one of 
which was observed by liangendorf,'-'" a ventricular aneurysm was pres- 
ent, but it is possible that the association was due to chance. There 



is no known reason why ventricular aneurysm .should di.splace the HB-T 
jxmction or deform the HS-T segment in this way. In addition to 
KS-T displacement, both electrocardiograms display a QRS interval be- 
tween 0.10 and 0.11 second in length, and late E waves in the leads 
from the right side of the pi-eeordium. The.se findings strongly sug- 
gest that incomplete right branch block was present. 
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Extensive Anterior Infarction . — tlie three eases ihustralcd in 
Fig. 26, characteristic signs of infarction Averc present in all of tlie six 
preeordial leads, or in all except the first. In such instances it must 
be assumed that the region involved is a veiy large one. TJie first 
patient was a Avoman, aged 48 years, avIio begaji to have sj’niptoms 
typical of coronary thrombosis at 9:45 p.m. on Aug. 9, 1938. On the 
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pain in the chest at 9:45 imi,, on Dec. 10, 3940. On December 33, the 
changes in llie precoi-rlial leads M'crc a]mo.si identical ivith those that 
occurred in the case Just described. Both patients recovered. 


The third patient was a man, aged 48 veal's, who liad sevei'c aliack; 
of anginal pain on Feb. 3, and on ]May 30, 3938. TJje first electro 
cardiogram was taken on Oct. 14, 1938. At that time there were verv 
large Q deflections in Lead I and large Q.S deflections in the last five 
precoj'dial leads. Probably because the infarct was an old one, no pro- 
nounced liS-T displacement or typical T-wave changes were {iresent. 
The i>atient died on Oct. 16, 3938, and autopsv disposed an infarct 
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measuring 9 b.y 10 cm., wliicli involved tlie lower two-tliirds of the 
anterolateral, and tlie lower one-third of the posterior, wall of the left 
ventricle. The cavity of this chamber was almost completely tilled by 
a thrombus, 

Anteroseptal Infarction . — In the four cases illustrated in Fig. 27, 
the diagnostic signs of infarction (characteristic QES combined with 
characteristic RS-T or T-wave abnormalities) were confined to the leads 
from the right side of the precordium. Leads and display altera- 
tions in the T waves which are more or less typical but no unequivocal 
changes in the QRS complexes. Since the potential variations of the 
left arm are like those of the left side of the iireeordium in the majority 
of the cases of anterior myocardial infarction, the changes in the ven- 
tricular complexes of Lead I are as a rule no greater than those dis- 
played by the ventricular complexes of Lead F-. An electrocardi- 
ographic diagnosis of anterior infarction, therefore, cannot be made with 
certainty in cases of the land under consideration unless leads from 
the right side of the precordium are employed. Since the potential 
variations of the infareted region are referred to the right side of the 
precordium, we may assume that the anteroseptal wall of the left ven- 
tricle is involved. 

The first patient was a man, aged 68 years, who developed myocardial 
infarction in September, 1939. The electrocardiogram, taken on Novem- 
ber 30 of that year, show.s notched QS deflections in Leads Fo and F., 
and inversion of the T waves, not of the kind characteristic of infarc- 
tion, in Leads I, F^, F.,, F-., and F,.. The ventricular complexes of 
Lead I closely resemble those of Lead F,,. 

The second patient was a man, aged 57 years, Avho had a coronary 
accident about Sept. 1, 1938. The electrocardiograms, made on Septem- 
ber 13, show characteristic changes in the T waves of Leads I, F,, F.,, 
F^^, and Fj. Characteristic changes in the QRS complexes are con- 
fined to Leads F. and Fg. The ventricular complexes of Load I are 
like those of Lead F^. 

The third patient was a Avoman, aged 48 years, who began to have 
sjTnptoms typical of coronary thrombosis on Feb. 9, 1939. The electro- 
cardiograms, taken on Februam* 11, show signs diagnostic of infarction 
in Lead Fg and typical T-Avave changes in Lead F.,. The ventricular 
complexes of Lead I are like those of Lead F,,. 

The fourth patient Avas a man, aged 59 years, Avho had a coronary 
occlusion on May 14, 1940. The electrocardiograms of Aug. 5, 1940, 
display signs diagnostic of infarction in Leads IF and F., and charac- 
teristic T-Avave changes in Leads 1"^ and Y,,. The ventiacular complexes 
of Lead I are like those of Lead F,,. 

In normal subjects the R deflection steadily increases in height as the 
precordial electrode is moved from the first to the fourth position and 
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tlien decreases as it is moved farther to tlie left. The decrease in tlie 
height of 2 nd its eventual disappearance as the exploring electrode 
was raoyed across the' right side of the precordinm in a number of 
the cases just described, is a far more reliable sign of infarction than 
complete absence of -this deflection in the first two or three precordial 
leads. 



Anterolateral Infarction . — In the first two of the three case.s ill as 
trated in Fig. 28, the diagnostic sign.s of infarction in the chest leads 
are confined to the leads from the left side of the precordium, and it 
may he as.sumed that the anterolateral wall of the left ventricle wa.s in- 
volved. 
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The fil’st patient was a man, aged 70 years, who had a severe attack 
of anginal pain on July 6, 1938. The precordial electrocardiogram, 
taken on December 16 of the same year, displays signs diagnostic of 
infarction in Leads , F4 and Fs, and abnormally small it deflections as- 
sociated with changes in the T complex in Lead Fc- In Lead I the QRS 
deflections are extremely small, and suggestive changes in the T waves 
are present. 

The second patient was a man, aged 47 years, who was disoriented 
when admitted to the hospital, so that no history of his illness could 
be obtained. It was learned later that he had had anginal pain, but 
the time at which coronary thrombosis occurred could not be determined. 
The electrocardiogram displays deep Q deflections in Lead I and in 
Lead F^, and the ventricular complexes of these leads are very much 
alike. There is also a rapid decrease in the size of the R deflection be- 
tween Lead Fg and Lead F^. No characteristic modifications of the RS-T 
segment or T wave are present, probabty because the infarct was an 
old one. 

In infarcts of this kind, as a rule, there are changes diagnostic of in- 
farction in the ventricular complexes of Lead I. Since the infarct 
involves the left upper margin of the heart, the potential variations at 
its epicardial surface are transmitted to tlie left arm. 

The third case illustrated in Fig. 28 belongs to a different group and 
will be referred to later. 

High Lateral Infarction . — The electrocardiograms reproduced in Fig. 
29 are those of a man who was under observation, off and on from Sep- 
tember, 1926, until his death on Jan. 19, 1942. In the autumn of 1934, 
he began to have mild anginal pain on exertion after meals, and at 3 
o’clock on the morning of Aug. 18, 1935, he developed symptoms charac- 
teristic of coronary thrombosis. Tlie electrocardiogram taken on the 
following day presents small QRS deflections, deep Q waves, and sharply 
inverted T waves in Lead I. The precordial electrocardiogram taken 
at the same time, which is not reproduced, is not definitely outside nor- 
mal limits, but the R and T waves of Leads V\ and Vo are unusually 
prominent. The patient had no more anginal pain and got along verj* 
well until June 3, 1940, at 12 :30 p.m., when a second coronary accident 
occurred. The electrocardiogram taken two days later is very similar 
to that of 1935 except that the QRS interval is a little longer. Pre- 
cordial leads were not used oh this occasion. In October, 1941, parox- 
ysmal nocturnal dyspnea began to occur, and in January, 1942, the 
patient entered the hospital with the sjmiptoms and signs of congestive 
cardiac failure, and attacks of substernal oppression. 

On January 13, the limb leads shovhd a QRS inteiwal measuring 
approximately 0.11 second, left axis deviation, and inverted T deflec- 
tions in Lead I. The preeordial curves of the next day present a very 
small R deflection, in Lead Fo and prominent Q waves in Lead F3, but 
no other changes which suggest infarction. The third attack of severe 
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anginal pain began at 7 a.m., on January 15. On January 17, right 
bundle branch block was present. The prceordial leads tlien .showed 
changes characteristic of this conduction ' defect and small bizarre QES 
deflections in Lead V^. 
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Tiic autop.sy disclosed a very large thrombus covering the ai>ical two- 
thirds of the inner aspect of the anterior wall of the left ventricle. Be- 
neath this clot the endocardium was grayi.sh-white in color, and near the 
base of the ventricle it was about one millimeter thick. Mottled gi-iiyish- 
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pink to binish-red areas were scattered throngli the anterior wall of 
the left ventricle, the septiun, and the apical parts of the right ventricle, 
which also contained a throinbns. The left coronarv artery was blocked 
by a fresh clot near its origin. In the posterolateral wall of the left 
ventricle near its base there were extensive grayish-white to gTa;sdsh-yel- 
low areas which were thought to represent old myocardial infarction. 
The infarct responsible for the electrocardiographic changes observed in 
1935 and 1940 apparently involved this region. We have seen only one 
other instance in which the limb leads showed signs diagnostic of an- 
terior infarction and the precordial leads did not. 



Fig. 30. — ^Plain posterior infarction. In this as in other fibres the symbol E is 
used for unipolar esophageal leads. The figure which follows- this symbol gives the 
distance (in centimeters) of the esophageal electrode from the nostrils. 

Plain Poslcrior Infarction . — The man, aged 45 years, whose electro- 
cardiograms are shown in Pig. 30, was referred to ns for laboratory 
studies only. He had symptoms typical of coronaiw thrombosis about 
one month before these curves were taken. The deep Q waves and 
sharply inverted T waves of Leads II and III indicate that there Avas a 
recent infarct on the posterior wall of the heart. Note that the potential 
variations of the outer surface of the infarct Avere transmitted to the 
left leg. The pi*ecordial leads shoAv no significant abnormalities, but it 
Avill be- observed that, in Leads and Po, the R deflections and T 
Avaves are unusually tall. Characteristic signs of infarction are present 
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in the leads from the ventricular levels of the esophagus (Leads E.^^ 
and. E^o)- lead from, the auricular levels of the esophagus (Lead 

Es^), there is a large diphasic auricular complex, and the ventricular 
complex consists of a large QS deflection followed by an inverted T 
wave. Electrocardiograms of this kind are obtained from the auricular 
levels of the esophagus in normal subjects.^^ The exploring electrode 
is close to the auricular wall, which accounts for the character of the 
auricular complex, and also opposite the great valvular orifices at the 
base of the ventricles so that the negativity of the ventricular cavities 
is transmitted to it. Large Q or QS deflections in leads from this region 
have no significance. 

In the earliest stages of infarction of the posterior wall of the heart, 
downward displacement of the RS-T junction is usually present in the 
preeordial leads. In leads from the ventricular levels of the esophagusy 
the displacement is upward.^^ 

Posterolateral Infarction . — The last of the three patients whose electro- 
cardiograms are reproduced in Fig. 28 was a physician, aged 42 years, 
who had a coronary accident on March 18, 1937. The limb leads, taken 
on May 25 of tlie same year, display inverted T waves in Leads I and 
II and small QRS deflections with prominent Q waves in Leads II and 
III. There is also a small Q deflection in Lead I. The changes in the 
T waves resemble those found in anterior, and the changes in the QRS 
complex those found in posterior, infarction. In the precordial curves, 
the significant abnormalities are in Leads F 5 and Fc> "which show promi- 
nent Q and sharply inverted T waves. It will be noted, however, that 
in the leads from the right side of the precordium, the B and T deflec- 
tions are unusually prominent. 

Another electrocardiogram of the same sort is reproduced in Fig. 31. 
The patient was a man, aged 54 years, who had sjonptoms tjytical of 
coronary thrombosis about one month before the electrocardiographic 
study Avas made. In this instance, unipolar leads from the left posterior 
axillary line, from the left infrascapular region, and from the ven- 
tricular levels of the esophagus Avere taken, and aU of these shoAV promi- 
nent Q and sharply inverted T - waves. Similar but less characteristic 
changes are present in the leads from the left side of the precordium 
(Leads Fg and Vo). There can be little doubt that the infarct involved 
the posterolateral AvaU of the heart. Note that here also large Q and 
inA^exi;ed T AA'aves occur in the unipolar left leg lead. Not .all cases in 
Avhich there are sharply inverted T waves in Lead I and abnoianally 
large Q waves in Leads II and III are examples of posterolateral infarc- 
tion. This electrocardiographic patteni in the limb leads may be pi’O- 
duced by the simultaneous presence of tAvo infarcts, an old lesion on the 
posterior, and a more recent one on the anterior, Avail of the heart- It 
may also occur in anteroseptal infarction in Avhich, perhaps because of 
some peculiarity in the position of the heart or beeau.se there is more 
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iiivolvement of the septal wall of the left ventricle than is usual, the 
potential, variations. of the central part of the infarcted ventricular wall 
are sometimes transmitted to the left leg, 

Posteroinferior Infarction . — The electrocardiograms reproduced in 
Fig. 32 are those of a man, aged 53 years, who had symptoms t 3 T;)ieal of 
coronary occlusion on Dec. 19, and Dec. 23, 1941. The curves taken 



Fig’. 31. — Posterolateral infarction. 


on Decemher 26 show upward displacement of the KS-T junction, sharply 
inverted T ivaves and prominent Q deflections in Leads II, III, and Vp, 
and complete atrioventricular block, which was transient. Signs diag- 
nostic of infarction are present in the unipolar lead from the tip of the 
ensiform cartilage (Lead Fjs), but in none of the usual precordial leads. 
It will be noted that, in tliis instance, the R and T waves are not un- 
usually prominent in the leads from the right side of the precordium. On 
the contrary, no R wave is present in Lead Tj, and the R wave in Lead 
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V 2 is unusually small. In some eases of this sort, slight upward di&iilace- 
ment of the RS-T junction occurs in Lead in the early stages of 
infarction. 



Signs of Posterior Infarction in lAnib Leads and of Anterior Infarc- 
tion in the Precordial Leads . — We have seen only one ease of the kind 
illustrated in Pig, 33. The patient, a man aged 68 yeansvhad a coronary 
accident on IMareh 31, 1935, while he was under treatment for prostatie 
hj'pertrophy. He died three days later, but peiTulssion for an autopsy 


mLSON ET AL. : PRECORDIAL, ELECTROCARDIOGRAIM 73 

could not be obtained. No sjnnptoras referable to the heart had oeeuiTed 
previous to this fatal illness. The limb leads show prononnced upward 
displacement of the ES-T junction and prominent Q deflections in Leads 
II and III and in precordial Lead L3. There is, in addition, conspicuous 
RS-T displacement mthout characteristic alterations of the QRS com- 
plex in Leads TL and Fj. Leads Fj and F^ were not taken. 


'RAnimiiil 

i 

S 

Banan 



mm 


a 

^ggga:!gga:g»a:;S 

mmI{ 


e!*ff**f «»«•••••« 



i::asasasats3a:a 


is»s;«n;^«sa;g; 


— ::nr^n:::aa sa 
ai; ajaaiar s: 




I^FJrfsai 


IS^sS*?*******************! 

la?gt£Sgg? *»» af»aMa»aaaa«K 

ba:!?;<:;:aS!aanaa| 


Eig. 33. — Signs of posterior infarction in the limb leads and of anterior infarction in 
the precordial leads. (After "Wilson.- Reproduced with the permission of the Mac- 
millan Company, NeAV York.) 
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Fig. 34. — Anteroseptal followed by posterolateral infarction. 


The character of the electrocardiographic changes precludes the possi- 
bility that there were two infarcts differing in age. Nor does it appeal- 
consistent vdth the presence of a single infarct extending from the 
posterior ^Yall of the heart around the left margm onto the anterior wall, 
for the most striking changes in the precordial leads arc in the middle 
of the series. We. are not able to explain these findings satisfactorily, 
but may point out that apical infarction might give rise to electro- 
cardiographic changes. of this sort if the heart were in the vertical posi- 
tion. 
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Old Anterosepial and Recent Roster olaieral Infarction . — The electro- 
cardiograms reproduced in Fig. 34 are those of a man, aged 52 years, 
who had symptoms characteristic of infarction on Dec. 18, 1938, and 
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The electrocardiograms taken two montlis after the first attack show 
prominent Q deflections hnt no characteristic T-wai^e ciianges in Leads 
II and III. The precordial curves of the same date displa3" signs 
diagnostic of infarction in Leads K, Vs, and V^, and sharply inverted 
T waves in Lead Vs- Note that the ventricular complexes of Lead I re- 
semble those of Lead which are in no waj’" abnormal. The infarct was, 
then, of the anteroseptal variety. We have already mentioned that infarcts 
of this land may give rise to prominent Q deflections in Leads II and 
III. After the second infarction, sharpl5>- inverted T waves appeared 
in the complexes of Lead V^ which had previously escaped modification, 
and initial E. deflections were present in Ijeads II and III. At the same 
time, conspicuous E waves were found in the leads from the right side 
of the precordium in which only embiyouic E deflections had previously 
been present. Note, however, that .the resurgent E waves are preceded 
by Q deflections in Leads Vs, Vs, and V^. Observe also the large size of 
the T waves in Leads Ti, V.,, and V^, in which deepl}^ inverted T waves 
were present after the first eoronaiy accident. The second infarct was, 
then, of the posterolateral kind. 

AVe were able to make a more detailed stud^’- of another case in which 
the same series of events occurred. The patient was a man, aged 48 
years, vdio had ids first eoronaiy thrombosis on Alaj" 21, 1938. The first 
electrocardiogram was taken about two hours after the onset of charac- 
teristic sjTnptoms (Fig. 35). The limb leads showed no significant 
changes, but there was veiy pronounced upward displacement of the 
ES-T junction in Leads ly,, Eg, and V^. Three days later, the E deflec- 
tions had disappeared in Leads V^, Vn, and Eg and had become very 
small in Lead E^, the ES-T displacement had begun to subside, and in- 
version of the terminal part of the T waves had developed in Leads 
El, Eo, Eg, E4, and Eg. The ventricular complexes of Lead Eg were not 
affected. In the course of the next jmar the T deflections regained their 
normal form, but the QES changes persisted. 

On March 5, 1942, the patient, who had been well for nearh’- three 
3'ears, began to have new attacks of severe anginal pain. He was ad- 
mitted to the hospital, but at first the electrocardiogram showed only 
the residual changes which dated from his first infarction (Pig. 36) . On 
March 11, however, he developed clear signs of posterior infarction. In 
the extremity curves, these consisted of pronounced upAvard displace- 
ment of the ES-T junction and prominent Q deflections in Leads II and 
III. In the pfecordial electrocardiogram, inverted T Avaves eventually 
deA’^eloped in the complexes of Lead Eg, which had escaped in the first 
attack, and small E Araves appeared in Leads Ei, Eo, and Eg. In these 
same leads the T waves became larger than they had been before. 

Anterior Infarction Plus Right Bundle Branch Block . — ^When anterior 
infarction produces right bundle branch block, modifications of the elec- 
trocardiogram that can be regarded as diagnostic of infarction are rela- 
tively rare in the Emb leads. Displacement of the ES-T junction and 
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more or Jess clraracteristic changes in the T waves may he ijresent, hnt, 
when the area of tJie QllS complex is large, tJiey are often obscured by 
the alterations in the T complex due to the block. In the precoT-dial 
leads, on the other hand, entirely characteristic modifications of flic QR8 



and T deflections are usually present. We have studied this problem CX' 
perimentally by producing anterior infarction and right bundle branch 
block in dogs, and there are no essential differences between this animal 
and man, either as regards the character of the changes in the ven- 
trieular complexes of the limb lead.s, or as regards the changes of the 
ventricular deflections of precordial leads. 
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The electrocardiograms reproduced in Fig. 37 are those of a man, aged 
37 years, who had severe attacks of anginal pain on July 26 and 28, 1938. 
Two days after the -last attack, a pericardial friction rub was heard. The 
patient died on Sej)!. 18, 1938, and autopsy disclosed thrombosis of the 
anterior descending coronary artery and a very 'large anterior infarct 
ovei which the pericardium had liecome adherent. Liquefaction necrosis 
of the central part of the infarct liad taken place. 



The limb leads, taken on July 28, show .small broad QES complexes and 
slight upward displacement of the KS-T junction in Lead I. The QRS 
interval measures approximately 0.12 second. The precordial curves 
taken on the following day arc characteristic of anterior infarction com- 
])licated by right bundle branch block. The presence of the block is 
indicated by the length of the QRS interval, the very late R waves in 
Leads Fj, IL, and V.^, and the broad S waves in Lead F^. The small 
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initial R deflections wliieli occur in the leads from the right side of the 
prceordium in uncomplicated right bundle branch block are absent. The 
presence of the infarct is indicated by the veiy large Q deflections in 
Leads V^, V 2 , TL, and V^, the small bizarre QRS deflections in Lead TL,, 
and pronounced upward displacement of the ES-T junction in Leads 
Vsi ^^ 4 - The precordial curves, taken on August 30, arc not 
essentially different in general outline, but the RS-T displacement is 
not so great and the end of the T wave is slightly inverted in Leads TL fa 
Vr, inclusive. 

The electrocardiograms, taken on August 22, arc very different. The 
QRS interval is noraial, and small QRS defleetion.s, prominent Q waves, 
and sharply inverted T "waves are present in Lead I. In the precordial 
lead.s, the R deflection decreases from Lead F, to Lead F, v/here it is 
absent, and there are abnormally large Q deflections in Lead F.. Dis- 
placement of the RS-T junction and inversion of the end of T are present 
in Leads Fg to Fg. It is noteworthy that, although initial R wavas were 
not present in Leads F^, Fj, and Fg .so long as the branch block persisted, 
they appeared when nonnal intraventricular conduction was re-estab- 
lished. It should also be noted that the S waves which follow these small 
initial R deflections are much deeper than the Q waves present in the 
same leads during block. These initial R waves must evidenfly be 
ascribed to forces produced by activation of the free wall of the right 
ventricle, and the deep S waves that follow them, at least in part, to the 
activation of .septal muscle from the right side. 

Another example of anterior infarction plus riglit bundle branch block 
Is illustrated in Fig. 38. The patient was a man, aged 56 yeaj-s, who had 
a eoronaiw' thrombosis, either on Sept. 23 or on Oct. 3, 3938. The first 
electrocardiogram, taken before he had had anginal pain, is normal. 
After the coronaiy accident, the limb leads di.sclo.sed the presence of 
right branch block but showed no changes characteristic of myocardial 
infarction. The precordial eur%'es, on the other hand, arc characteristic 
of both of these conditions. 

Posterior Infarction Phes Right BvnuUe Branch Bloch . — ^The electro- 
cardiograms reproduced in Fig. 39 are those of a man, aged 53 years, 
who began to have .symptoms characteristic of coronary thrombo.sis at 
9 A.JL on April 30, 194:1. The electrocardiograms, taken on !May 27, 3941, 
disxflay large Q "n'aves in Lead.s II and III, and .sharp inversion of the 
end of T in the latter. The QRS interval mea.sure.s about 0.34 second 
and there is a broad S "ivave in Lead I. The preeordial electroeai diogram 
is characteri.stic of right bundle branch block. The eon.s’picuous Q waves 
and T-wave changes in Lead IQ .s-uggest that the marginal paris of the 
infarct involved the lateral wall of the left "^'entricle. In the case.s we 
have observed, QR.S changes in the limb lead.s charactci'i.slie of posterior 
infarction ha%’o not been ob.scured by the pre.sence of right branch block- 
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Myocardial Infarction GomiMcated hy “ Arborization’ ’ Bloclc . — The 
electrocardiograms reproduced in Fig. 40 are those of a man who, after 
nine years of h:^T;)ertension, developed myocardial infarction on Ang. 28, 
1941. In the electrocardiograms of May- 5, 1942, the limb leads display 
a QRS interval of about 0.14 second, deep, broad Q waves followed by 



late 11 waves in Leads 11 and ITT, and conspicuous S deflections in Lead 
T. This elect rocardiogi'ai)hic palleni is very similar to that shown in 
Fig. 39, and posterior infarction complicated by right branch block was 
suspected. The precordial cleclroeardiogram, however, is incompatible 
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with the presence of this conduction defect, and sliows no changes diag- 
nostic of infarction ; nor is it characteristic of left branch block. The 
leads from the vciitricnlar levels of the esophagus {Ea, Eta, and jE'go) 
present veiy broad, notched Q waves and very late, tall R deflections. 
It seems probable, therefore, that the infarct involved the subendocardial 
muscle on the posterior wall of the heart, and not only permitted the 
negativity of the left ventrienla.r cavity to be transmitted to its epi- 
cardial surface during the first part of the QRS interval, but also de- 
layed the activation of less seriously injured outer layers of muscle, 
which gave rise to the late R deflection. 



Pig. 41. — ^Anterior infarction complicated by "arborization block,” by right bundle 

branch block, or by botli. 


The erectrocardiograms reproduced in Pig. 41 are those of a man, 
aged 45 years, who had symiitoms typical of coronary thrombosis, in 
January, 1938. The limb leads, taken a year later when the patient had 
congestive cardiac failure, display a QRS interval measuring between 
0.11 and ,0.12 second, small QRS deflections, and deep, broad Q waves in 
Lead I. The curves from the right side of the precordium are like those 
seen in right bundle branch block complicated by anterior infarction, but 
in this instance the curves from the left side of the precordium are of 
the same tjnpe. It ^yill be noted that these ventricular complexes closely 
resemble the ventricular complexes of the esophageal electrocardiograms 
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reproduced in Fig. 40. In the case under consideration, leads from the 
ventricular levels of the esophagus yielded curves of the opposite type; 
the QRS complex of these tracings is diphasic and consists of an R wave 
followed hy an S deflection of approximately equal size. It may be that 
these electrocardiograms represent right bimdle branch block compli- 
cated by anterior infarction in which there is extreme displacement of 
the transitional zone. They are, however, more suggestive of anterior 
infarction vdth involvement of the subendocardial muscle over a large 
area, complicated by delayed activation of more normal subepicardial 
muscle and, perhaps, by right branch block as well. It seems probable 
that, in some cases of old infarction, the Purkinje network is damaged 
locally by subendocardial sclerosis and that, as a result, there is a delay 
in the activation of such living muscle as may remain in the part of the 
ventricular wall affected. Oppenheimer and Rothschild^® had such 
lesions in mind when they introduced the term "arborization” block, but 
we doubt veiy much that the criteria for the electrocardiographic diag- 
nosis of tliis condition advanced by them are capable of di-stinguishing 
between bimdle branch block and intraventricular block of other t>T)es. 

Infarction Complicated hy Left Bundle Branch Bloch . — ^When 
coronary thrombosis is complicated by left bundle branch block, the 
electrocardiogram rarely presents changes which can be considered 
diagnostic of myocardial infarction. Displacement of the RS-T segment 
and changes in the T wave may occur if the area of the QRS complex is 
small. "When the area of the QRS complex is large, the alterations in 
the T complex due to infarction are likely to be obscured by those pro- 
duced by the conduction defect. The presence of characteristic modifica- 
tions of the QRS deflections in infarction almost always depends upon 
the transmi.ssion of the potential variations of the cavity of the left ven- 
tricle to the epieardial surface of the infarct and the adjacent parts of 
the ]}ody. When this cavity is negative throughout the QRS interval, as 
is the case when intraventricular conduction is noimal and in right 
bundle branch block, large Q or QS deflections occur in those leads in 
which one electrode is placed on that side of the left ventricle on which 
the infarct lies, prorided that the connections are made in such a way 
that negativity of this electrode is repi’esented by a downward deflec- 
tion. In left bundle branch block, the cavity of the left ventricle is posi- 
tive at the beginning of the QRS interval, and, consequently, Q or QS 
waves do not occur in leads of the kind mentioned. Direct or semidirect 
leads from the infarcted waU or from the cavity of this chamber display 
diphasic QRS complexes consisting of an R follov/ed by an S deflection. 
Ventricular complexes of this sort are not sufficiently distinctive to have 
diagnostic value. When the septum is infarcted, as well as the free 'wall 
of the left ventricle, the cavity of the left ventricle is initially negative 
because the negativity of the cavity of the right is transmitted to it. 
Under these circumstances, the electrocardiogram may display large Q 
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or QS deflections in leads from the left preeordiimi. The presence of 
large, Q waves in these leads in left bundle branch block should always 
lead to the suspicion that the ventricular septum is involved. 



Pig. 42. — ^Posterior infarction complicated by left bundle branch block. 


A case of infarction which was compbcated by left bundle branch 
block is illustrated in Fig. 42. The patient was a man, aged 56 years, 
who had a coronary occlusion on Nov. 24, 1933. When he was first seen 
about ten days later, the limb leads showed the changes usually observed 
in posterior infarction. Except for inversion of the T waves in Lead 
the precordial leads Avere negative. A Aveek later, the patient developed 
transient intraventricular block AAuth A^entricular complexes similar to 
those observed in 1937 and 1938 (see Fig. 42). The area of the QRS 
group was small, and the block did not abolish the iiwerted T aa^a^cs in 
Leads II and III. It did abolish the prominent Q AA-aA’es in these leads. 
These curves liaA^e been published (Wilson,®^ Fig. 78) . When the X)atient 
returned in 1937, the intraA'^entricular block AA^as again present and it 
persisted. The ventricular complexes of the standard leads are of the 
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kind ascribed lo right l)undle bj-anch block, but tlie ])reeordial loads 
indicate that the conduction defect was in tlie left l)ranc]i of the His 
bundle instead of the right. The heart was in the vertical j-ather than 
in the hoi-izontal position. The QJIS eoini^lexes of Lead V,. are diphasic 
and, as regards their general o\itline, of the sort obtained by loading 
directly from the .surface of aii infarct of the left ventricular wall when 
left branch block is present. But QRS deflections of this kind may oc- 
cur in Lead Vg merely because the transitional zone is .shifted unusually 
far to the left. They are not .sufficiently distinctive to be helpful in the 
diagnosis of infarction. A case of .septal infarction plus left bundle 
branch block is described in the article to Avhich we have already re- 
ferred (see Fig. 82 of that article). 

In conclusion, we may say that we feel eei’tain that, in the long nm, 
unipolar preeordial leads will be found superior to pj-ecordial leads of 
other kinds. They are the best available substitute for unipolar direct 
leads from the anteiior surfaces of the ventricles. They are not dii’cctly 
influenced by the potential variations of the extremities; this makes them 
valuable in the analysis of electrocardiographic patterns in the standard 
limb leads with which we have long been familiar. 

We mu.st add that many of the views expressed here must be regarded 
as tentative. There are still many problems to be solved. We do not 
know exactly what degree of correlation may exist between the electro- 
cardiographic position and the anatomic position of the heart. We have, 
as yet, very little infonnation as to the effect of the latter upon the pre- 
eordial electrocardiogram. The factors tliat detcj-minc the location and 
breadth of the transitional zone are still obscure. It is desirable that the 
effects of preponderant hy])ertrophy of the rigid and of the left ventricle 
upon the foian of the preeordial deflections be studied experimentally. 
It is .still impo.ssible to diagnose the le.sser grades of this condition wifli 
any certainty. We need to have a bctler idea as to what parts of the 
heart’s .surface play the most important role in determining the potential 
variations of the extremities and other points on (he body di.stanf from 
the heart. We inust .study moj'c carefully the elect rocaj’diogi'aphic 
changes i)roduced by combinations of Icsion.s, such as light ventricular 
hypertropin’ and right bundle branch block, and by conduction defects 
which delay the activation of local regions of muscle, particularly hi 
myocardial infarction (“arborization block”). We must detci’minc 
more exactly what the different electT-ocardiograpdiic patterns .seen in 
infarction mean in terms of the .size of the infarct, its location, and the 
character of the changes in the muscle involved. 

We feet sure that the future will sec a gieat increase in the use of 
lirecordial and other .special Icad.s, and that it will bring us far greater 
knowledge of the electrocardiogram than we now possess. 
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TOXIC EEAGTIONS TO THE INTRAVENOUS INJECTION OP 

MERCURIAL DIURETICS 


Jack Wexler, M.D,, and Laurence B, Ellis, M.D. 

Boston, Mass. 

A lthough it has been loiown for at least eleven years that sudden 
. death maj’’ occur after intravenous injections of mercurial di- 
uretics, it has been only within the past two years that widespread in- 
terest has arisen among physicians concerning these unfortunate acci- 
dents. In 1931, Wolf and Bongioi-no^ reported a case of sudden death 
of a 4-year-old child vdth nephrosis after the intravenous injection of 
1 c.c. of salyrgan. In 1936, Cadbury^ reported a fatality after the 
first injection of 0.6 c.c. of salyrgan into the jugular vein of a 5-year-old 
bo 3 ’' witli nephritis. Collapse and death ensued within ten minutes. In 
addition, he cited instances of seriou.s, nonfatal reactions to .salyrgan in 
three adults with well-marked renal disease. Tlic next jmar Greenwold 
and Jacobson'^ added two more ca.se.s of .sudden death of children with 
nephrosis, one after 0.5 c.c., and the other after 1 c.c,, of salj’-rgan, intra- 
venoasljL In 1941, T^'son^ observed one more fatal reaction in a 3-year- 
old nephrotic patient and a near fatality in a 27-year-old person with the 
same di.sease. 

These papens, which appeared in a ten-year period, attracted little 
attention, probablj^ because all of the fatalities occurred in very young 
children who were suffering from serious renal disease. Hov'cver, in 
November, 1941, a letter was publi.shed in the Journal of the American 
Medical Asaociaiion^ citing four fatal reactions to mercupurin intra- 
venouslj’’ in patients with cardiac decompensation. The .same ea.se.s were 
discussed in greater detail in a later communication.'^ At the same 
time a clinical .study by Barker, Lindberg, and Thoma.s^ added three 
more fatalities among cardiac patients and one in a 48-year-old pa- 
tient with the nephrotic stage of chronic glomerulonephritis. In the 
last case, death occurred after the first injection. In all except one of 
these ca.ses, death took place ^vithin five minutes after an intravenous 
injection of a mercurial diuretic (.salyrgan or mercupurin). 

The purpose of this communication is to add two more fatal reactions 
to mercupurin to the growing li.st, and, espeddDy, to emphasise that non- 
fatal reactions of vaiying types and degrees of severity occur not un- 
commonly. The xnathogenesis and the relation of these different types 
of nonfatal to fatal reactions vill be di.scussed. No attempt ha.s been 
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made to survey the total number of reactions which have occurred at the 
Boston City Hospital; indeed, this is impossible, as will he evident. 
Nevertheless, in the past sixteen months, tv'o fatal and nine alarming 
nonfatal reactions to such medication have come to our attention, some 
of which we have personally observed. 

FATAL REACTIONS 

The first fatal reaction occurred in a 24-year-old white woman vfitli 
congenital pulmonaiy stenosis who had chronic cardiac failure. This 
patient had previously received a total of 164 e.e. of mercupurin intra- 
venousl}’’ over a period of eight months, with fair diuretic results. As 
her general cardiac status deteriorated, the response to mercupurin be- 
came less favorable. The dose was, therefore, gradually increased from 
2 e.e. until she was receiving 3 e.c. of mercupurin three times a week. 
This maintained her weight quite constant. After each injection this 
patient was apprehensive, and had dyspnea, slight tachycardia, and 
orthopnea which lasted one to two minutes. Within one to two min- 
uter after the final intravenous injection of 3 c.c., which was given at a 
time when the patient was extremelj* ill, she became very dyspneic and 
cyanotic, and died within a few minutes. Post-mortem examination 
showed no immediate cause of death, but confirmed the diagnosis of 
congenital pulmonary stenosis. Cardiac sclerosis of the liver was also 
found, together with the usual pathologic accompaniments of con- 
gestive heart failure. 

The second fatality occun’ed in a 27-year-old white woman vfith 
nephrosis. She had received thirteen previous intravenous injections 
of mercupurin with no objective untoward reaction, but on each occa- 
sion she expressed great dislilie for the injection because of an extremely 
unpleasant sensation which she could not describe. Within thirty sec- 
onds after the final intravenous injection of 2 c.c., which was given when 
the patient had improved sufficiently to be ambulator^'-, she became un- 
conscious and rigid. She had three generalized tonic convulsions within 
the next two to three minutes. The pulse could not be felt at the VTist 
and there were no audible heart sounds. There was marked pallor of the 
face. Gasping respirations occurred a few times, but cardiac function 
could not be restored by injecting stimulants into the heart and giving 
artificial respiration. At post-mortem examination no immediate cause 
of death could be found. The Iridneys showed the pathologic changes 
of chronic “nephrosis,” and there was marked fibrosis of the thyroid 
gland. There were no other significant post-mortem abnormalities. 

NONFATAL REACTIONS 

These have varied in severity, and may be divided into immediate and 
delayed reactions. All of these reactions occurred in patients with 
edema caused by heart disease of various lands. 
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A. Immediate Reactions . — 

1. The most benign of the immediate reactions is entirely subjective. 
Tile patient dreads the injection because of an unpleasant sensation, wilh 
no objective disturbances of any kind. These patients have no objec- 
tion to routine venepunctures or other intravenous medication. The.se 
untoward .symptoms are not uncommon, but their exact frequency can- 
not be ascertained because they may not be called to the attention of the 
attending physician, or their import is not appreciated at the time. 

2. Transitory' dyspnea was noted in two eases within a few minutes 
after the intravenous injection of mercupurin. 

The first jiatient Avas a 45-year-old AA'hite man Avith rheumatic heai't 
disease, mitral stenosi.s, and aortic regurgitation, and moderate nght- 
and left-sided failure. The first injection of 1 c.e. of mercupurin caused 
a transitory feeling of tightne.ss in his chest. Tavo to fiA'C minutes after 
a rapid injection of 2 c.c., Avhich AA'as given tAvo days later, he became 
A'ery dyspneie but improved AAithout treatment in a feAv minutes. Tavo 
.subsequent injections of 1 and 2 c.c., diluted AAuth 10 c.c. of saline, AA'ere 
giA'en AAuthout reaction. 

The second patient Avas a 71-year-old AA'oman Avith eoronaiy heart 
disease and moderate failure. One to three minutes after 2 c.c, of mercu- 
purin AA'ere given intraA'enou.sly she became veiy dy.spneic, but improA'ed 
AAithout treatment a few minutes later. fShe had received mercupurin 
on previous hospital admissions Avithout reaction. 

3. A more alarming reaction consists of apprehension, .substernal 
discomfort, slight increase in respiratory and pulse rate, and orthopnea. 

This Avas obseived in a 46-year-old AA'hite Avoman Avith hypertensive 
and rheumatic heart disease and moderate failure. Taa'o to fiA'c minutes 
after 1.8 c.c. of mercupurin she became dy.spneic and apprehensiA'c and 
complained of substernal oppre.ssion. There AA'as no change in blood 
pressure. The pulse rate rose to 100 per minute. Fifteen minutes later 
she AA'as improA'cd without treatment. This patient had rcceiA'cd numer- 
ous preAuous injections AA’ithout reaction ; no subsequent injections aa'ci’c 
giA'en. 

4. Moderate collapse, cyanosis, and sweating Avere observed in tAvo 
eases, AAuth bradycardia in one and tachycardia in the other. 

The first aa’us a 33-year-old AA'hite mau AAith rheumatic heart disease, 
mitral stenosis and regurgitation, aortic regurgitation, and auricular 
fibrillation, aa'Iio aa'os conA'alescing from cardiac decompensation. An 
initial injection of 2 c.c, of mercupurin AA'as giA'en AAithout reaction. 
ScA'eral days later a second injection Avas folloAA'cd in tAA'o to fiA'e minutes 
by palloi', cyanosis, and profuse .sAA'eating. The pulse rate AA'as sIoav and 
regular at 50 per minute. An electrocardiogram AA'hieh AA'as taken 
tAventy minutes later, AA'hen the patient AA'as improA-ed, shoAA'ed auricular 
fibrillation AAuth periods of complete heart block and a A'cntrieular rate 
of 50. 
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The second patient was a 58-ycar-old Avhite woman with hypertensive 
and coronary heart disease and moderate failure. Two to five minutes 
after 2 c.c. of mereupiirin she became very apprehensive, dyspneic, and 
cyanotic, and perspired profusely. Tlie pulse rate was rapid and the 
heart sounds were of poor quality. She responded to the administra- 
tion of morphine and oxj^gen. Milder reactions had previously lieen 
noted after the administration of mereupiirin intravenously. 

It seems clear that these various immediate reactions are .similar in 
nature. They differ only in degree. 

B. Delayed Reactions. — The delayed reactions generally occur one to 
two hours after the injection. 

1. Typical asthmatic attacks one to two houi’s after mereupiirin ad- 
ministration were observed in two cases. 

The first patient Avas a 69-year-old Avhite man Avho Avas suffering 
from syphilitic and coronary heart disease, Avith slight right-sided 
failure and chronic bronchitis ; he had previously received seA’-eral injec- 
tions of mercupurin Avithout reaction. Tavo houi’s after tlie last injec- 
tion of 2 c.c. of mercupurin he had a chill and became cyanotic and 
markedly dyspneic. On examination, both lungs Avere filled Avith liigh- 
pitched expiratory rales and wheezes. There had been no previous at- 
tacks of asthma. He re.sponded to adrenalin in about lliirty minutes. 

The second patient Avas a 62-year-old man AAuth liyperteiisiA'e and 
eoronaiy heart disease and eongesth’e failure aa^Iio developed dyspnea, 
Avith tjqiical asthmatic breathing, about tAvo hoin-s after a third dose of 
2 c.c. of mercupurin; tlie first tAVO had been given Avithout reaction. 
RecoA^eiy occurred before treatment Avas instituted. 

2. Pulmonary demea developed one to two hours after the injection 
in tAvo cases. 

The first patient Avas a 22-year-old man AAuth rheumatic fever, rheu- 
matic heart disease, mitral stenosis, and cardiac decompensation, aa’Iio re- 
ceiA^ed 2 c.c. of mercupurin intraA^enously for the first time. About one- 
half hour later he suddenly developed acute pulmonary edema, Avhich re- 
sponded promptly to routine therapy, consisting of morphine, oxygen, 
and tourniquets. 

The second patient Avas a 37-year-old Avhite AAmman Avith rheumatic 
heart disease, mitral and aortic stenosis and regurgitation, and mod- 
erate heart failure, AAdio Avas giA-en 2 c.c. of mercupurin intraA^enously. 
One hour later she had a chill, folloAvcd in twenty minutes by pulmonary 
edema. RecoA’-ery Avas prompt. Numerous previous injections had 
caused no SAmiptoms. 

DISCUSSION 

Immediate Reactions (Fatal and Nonfatal). 1. Clinical Considera- 
tions. — The composite clinical picture of the fatal reaction, as con- 
structed from our observations and from the descrqitions in the liter- 
ature, is characterized by a marked fall in blood pressure, either cardiac 
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arrest, cardiac irregularity, aud/or marked bradycardia, cyanosis or 
marked pallor of the face, dyspnea with irregular, often gasping, res- 
piration, unconsciousness, and, occasionally, convulsions. Generallj', 
cardiac arrest occurs before respiratory paralysis, and death ensue.s 
within five minutes after the start of the injection. 

Immediate nonfatal reactions occurred in many of the patients who 
ultimately died after the intravenous injection of a mercurial diuretic. 
This has already been mentioned as occurring in our two fatal eases. 
Wolf and BongiornoV patient had a febrile reaction to each injection 
of salyrgan. One week prior to death this patient developed the u.sual 
febrile response, plus a morbilliform ra.sh. This subsided, and, one week 
later, 1 c.c. of salyrgan was given inti-avenou-sly, with a fatal outcome 
vdthin one minute. One of the patients reported by Barker, et al.,' had 
e.ssential]y a “fatal type” of reaction, with cardiac arre.st, after the 
thirteenth injection of 2 c.c. of mercupurin, but recovered .spontaneously 
ten minutes later. Pour months later a similar reaction followed 2 c.c. 
of salyrgan, with death ■within rivo minutes. Similarly, in three of the 
four cases reported by Brown, et al.,*’ reactions to mercupurin were 
noted prior to the final fatal reaction. 

In each instance, with the ])o.ssible exception of Wolf and Bongionio’s 
ease, pre'vdous reactions were of the immediate type, and, when multiple, 
the reactions always followed the same pattern in any one patient. 

2. Pathogenesis . — The pathologic physiology of fatal reactions in man 
is not known. Post-mortem examinations have failed to disclose the 
cause of death. 

However, the mechanism of the fatal and the nonfatal immediate re- 
actions are probably basically .similar, and differ only in degree. 

Hyman® suggested that fatal reactions to mercupurin are non-specific, 
and produce incoagulability of the blood, as does “.speed .shock,” which 
may occur when any material is rapidly injected intravenou-sly. The 
symptomatology of “speed .shock,” as described by Hirshfeld, et al.,'*''-® 
is variable, but, generally within one minute after a rapid intravenous 
injection, salivation, vomiting, diarrhea, dy.spnca, often with iiTCgular 
respiration, muscle atony or mu.scle .spasm, a fall in blood pre.s.sure, and 
broncho-spasm may occur. There is no constancy about the appear- 
ance of any of these ,s 3 ’mptoms in expeilrnental animals. It is stated 
that, when “speed shock” does occur, the blood is rendered incoagulable. 
However, the blood of one of our patients, taken about five minutes after 
death, clotted fijunh' and promptlj', but did undergo aprmrentl.v com- 
plete fibrinoh'sis about fifteen to thiilj' minutes later. According to the 
work of Skundina,” this .s-pontaneous fibrinob'sis is not .specific for 
“speed shock”' or mercurial intoxication, but is usual! j' found in pa- 
tients who die sudden^' with severe shock from anj" cau.se. 

Jackson’^ produced ventricular fibrillation mid death in dogs Avilhin 
three to five minut&s after the intravenous injection of 5 c.c, of a 2 per 
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cent solution of satyrgan. If both, vagi were cut prior to the injection, 
death resulted from respiratory paralysis without ventricular fibrilla- 
tion. Chastain and Mackie,^^ Barker, et al.,'^ DeGraf 6 and Lehman,^^ 
and others, employing various mercurial injections in experimental an- 
imals, noted no difference after vagotomy, but otherwise obtained similar 
results. Whether the same mechanism pertains to man awaits further 
investigation. Clinical observations suggest that the mechanism is the 
same, at least in so far as the fact that the heart seems primarily in- 
volved. Essentially the same clinical picture is seen when cardiac pa- 
tients die suddenly. We have watched two patients with m^’ocardial 
infarcts die of ventricular fibrillation while an electrocardiographic re- 
cording was being made. These patients presented a picture that was 
almost identical to what has been described above, consisting of marked 
cyanosis, absence, of the radial pulse and blood pressure, and whirring 
precordial noise without recognizable heart sounds. Gasping respira- 
tions continued for two to three minutes. 

It has been suggested in the earlier reports that the reactions are 
anaphylactic in nature. There seems to be adequate evidence against 
this explanation of the type of reaction under discussion. First of all, 
the collapse which has been observed in all fatal reactions and in some of 
the nonfatal reactions has alwaj^s been “cardiac collapse,” i.e., acute 
forward failure, and not the peripheral vascular collapse whicli gener- 
ally accompanies anaphylactic reactions. All of the immediate fatal 
and nonfatal reactions have occurred after intravenous injection of a 
mercurial.’^' In eases of nonfatal immediate reactions, subsequent intra- 
muscular injections have caused no reaction.® On the other hand, pa- 
tients who have shoivn definite allergic reactions, such as urticaria, 
rash, fever, etc., after intravenous in’jection of mercurials, showed the 
same reactions when the mercurial was administered intramuscularly, 
or in the form of a rectal suppositor3^^®’ The fact that the early 
fatalities which were reported occurred after multiple, apparently 
asjmiptomatic injections outwardly seemed to favor anaphylaxis; the 
reasoning was that the preliminary injections sensitized the patient, thus 
setting the stage for the fatal reaction. However, at least three cases 
appear in the literature in which death folloived the first injection.^’ '■ 

The suggestion that the mechanism is simply a toxic reaction to the 
mercury ion seems fairl5’' well supported by laboratory and clinical 
observations. Salant and Kleitman,-® in perfusion experiments with 
inorganic mercury salts, have produced marked disturbances in the 
rhjdhm of the turtle heart. They found that the time required to ob- 
tain toxic effects on the heart varied with tlie concentration of the 
mercury salt. “Delirium cordis” was produced Avitli dilutions as high 

*We liavG omitted from this review deaths reported after the use of older mer- 
cury preparations which caused symptoms tj-pical of mercury poisoning' because 
these were not immediate sudden deaths, and represent an entirely different s^'n- 
drome. The case reported by Molndr,” in which death followed twenty to twenty- 
five minutes after the intraperitoneal injection of 2 c.c. of mercurj', likewise does not 
come under tlie syndrome of sudden immediate death. 
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as 1:10,000,000. Similar results were obtained with the acetate, suc- 
cinate, and benzoate of mercury, thus excluding the role of the anion. 
Their result.s with cat.s and dogs wei-e similar to those of nio?-e recent 
studies on the toxicity of the organic mercurials,*' although they 
do not mention ventricular fibrillation, but .speak of ’''delirium cordis.'' 

Sollmann®' .states that mercury is rapidly I'cmoved from the blood 
stream, and stored e.speeially in the kidneys and liver. From tlie.sc 
depots traces of merciuy may be mobilized for as long as six months. 
The chief channels for the excretion of mercuiy ai-o the kidneys aiid 
the ga.strointe.stinal tract. After a .single dose, excretion begins within 
a few hours and may last for as long as eight days. After a series of 
injections, excretion of small amounts maj' persist intermittently for 
.several months. Goodman and Gilman'''^ e.ssenfially agree with this. 
DeGraff, et al.,^^' studying the effect of theophylline oji the excretion of 
mercuiy in rabbits, showed that nearly 300 per cent of the mercury was 
excreted at the end of six houi's. The preparations used were mercurin 
and salyrgan with and without theophylline, and the dose was 3.73 mg. 
of mercury in the salyrgan experiments and 3.8 mg. of mercury in the 
mercurin experiments. The po.ssibility of cumulation in palienis with 
impaired renal function, and, perhaps to le.ss extent, in palienis with 
prolonged circulation time, is not excluded, and may possibly account 
for the greater frequency of fatal reactions after multiple injections. 

In summaiy, it may be said that toxic effects on the heart live po.ssible 
witli very low concentrations of mercury in the blood if the.se concentra- 
tions ai’e maintained for a sufficiently long peiiod of time. Cardiac 
failure and impaired renal function favor a higher conccnti-alion of 
mercury and lend to maintain that concentration for a longer pco'iod 
of time. The po.ssible cumulation of mercury in the presence of cardio- 
renal di.scase may account for the greater incidence of sen'ou.s reactions 
after multiple injections of mercurials. 

Belayed Reactions . — The nonfatal delayed reactions may well be in- 
cidental to the physiologic effects consequent on the diuretic action of 
the dinig. Swigert and Fitz^^ have .shown that, in some x><'iGent.s, a 
tramsitoiA' increase in plasma volume occurs after .salyrgan is given; and 
Calvin, Fecherd, and Herrmann^’ have also made this obseiA'ation in 
two cases in w'hich diuresis was delayed or failed to occur. This can 
account for pulmonarj' edema or bi-onchial conge.s'f.ion, with asthmatic 
type of re.spiration, in jmtients 'with little eai-diac rescive. It Is not 
unlikely that, in those who develop a.sthma, the cardiova.scnlar di.s- 
turbance is essentially the same as in the patients who develop pul- 
monary edema, for it is well known that, in paroxysmal noctunial 
dyspnea, a.sthmatic bi'calhing either may be absenf or may dominate the 
picture. The occurrence of jjiilmonaiy edema after intravenous mer- 
cui’ial diuretic administration has been noted by .«everal obsei'vcr.s.’'' 
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111 two of OUT patients, cyanosis and dyspnea folloived a chill. In these 
cases the possibility exists that the chill was a nonspecific reaction, such 
as is occasionally seen after any tj-pe of intravenous therapy, and that 
this, in turn, so disturbed the cardiovascular system that pulmonary 
edema resulted. There is, however, eiddence^' that repeated chills 
maj' be specific reactions, for, in some cases, chills have recurred regu- 
larly after each injection of a mercurial diuretic. 

In discussing this group, it is appropriate to mention the occasional 
case of mild digitalis intoxication which occurs in digitalized patients 
after marked diuresis. In our experience the siunptoms have not been 
very troublesome, and have generallj' disappeared completely within 
twenty-four hours. Such eases are not common; more often, the ac- 
centuation of the digitalis effect may be manifested by slowing of the 
heart rate after a good diuretic response to the drug. 

In our experience, elevation of blood nonin-otein nitrogen after 
mercurial diuretics is rare, but does occur. The explanation of these 
rare elevations in nonprotein nitrogen is more likely to be found in tlie 
loss of electrolytes and water, resulting in dehydration, rather than in 
a nephrotoxic action of the mercury. Similar complications resulting 
from the pharmacologic action of mercurial diuretics are fully discussed 
by DeGraff and Nadler.^’ 

PREVENTION OF REACTIONS 

At present there is no known method of preventing fatal reactions. 
However, the following points are worth bearing in mind. 

1. The incidence of fatal reactions is quite low. In this hospital, 
during a sixteen-month period, about 5,200 ampoules of mereupurin 
were issued, and, during this approximate period, two known fatalities 
occurred. 

The incidence of nonfatal reactions is greater, for we have noted, 
during this same period, at least nine; five were of the immediate type 
and, of sufficient severity to cause alarm to both the patient and the 
physician ; and mild immediate reactions have occurred not uncommonly. 

2. Most of the fatal reactions are preceded by nonfatal reactions 
which, if of the more serious immediate t^’pe, .should serve as a warn- 
ing, and, thereafter, mercurials should not be given except when other 
measures have failed, and then only with great caution ; if feasible, they 
should be administered intramuscularly or in suppositon^ form. Only 
three fatalities have been reported after the first injection of a mercurial 
diuretic. There is no evidence that dilution of the drug in 10 e.c. of 
water or normal saline protects against reactions, for these have been 
observed when such dilute solutions have been used,^'’ and the experi- 
mental work of DeGraff, et al.,^^ offers evidence against any rationale 
for such dilution. 

3. There is no indication that changing from one preparation to an- 
other is a safeguard against fatal reactions. However, nonfatal delayed 
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reactions may in some cases he specific for a given preparation. TJm.s, 
in the ease reported by Pox, Gold, and Leon,’® serious reactions, con- 
sisting of fever, erythema, parestliesias, and, occasionally, ulcerative 
stomatitis, followed the use of mereupurin intravenously or a mereurin 
suppository, but only vejy mild reactions occurred after salyrgan and 
inorganic mercurials. 

4. Our experience here, and the experience of others as expres.sed in 
the literature, would indicate that tlie common drugs pre.scribed in 
heat-t failiu-c, such as digitalis, ammonium chloride, nitrites, aminophyl- 
line, etc., have no effect on tlie toxicity of mercurial diureties, nor does 
the type of heart or renal disease. Patients who are already very ill 
are perhaps more likely to succumb than tho.se in a better state of health, 
for they are less able to stand the .strain of a reaction. A relatively good 
state of health is, however, no protection against a fatal reaction, as is 
evident in our second case. 


.SUMMARY 

Two fatal reactions to the intravenous administration of mereupurin, 
vuth post-mortem ol).seiwation.s, are reported. Various nonfatal reactions 
to mereupurin are described and divided into the immediate and delayed 
types. The relation of the immediate type of nonfatal reaction to fatal 
reactions is stressed. The mechanism of the reactions to mercurial 
diuretics is disciussed, and it is concluded that the fatal and the im- 
mediate nonfatal reactions probably result from a direct toxic effect of 
mercury on the heart, whereas the delayed nonfatal reactions are in- 
cidental to the diuretic action of the drug. These conclusions .seem 
to be substantiated by experimental work on animals, as reported in the 
literature, and by our own clinical observations. At present there is no 
known way of preventing fatal reactions. 

Since mercurial diruetic drugs are valuable therapeutic agents in 
the treatment of congestive licart failure, and since the frequency of 
severe or fatal reactions to their admin i.stration is low, the u.sefulne.s.s 
of these drugs outweighs their po.ssible danger. They should, however, 
be administered only wlien clearly indicated, and the occurrence of 
danger signals, which have been di.scu.s.sed, warrants a complete re- 
evaluation of the therapeutic regimen in any given ease. It is well to 
remember that, at the present time, no fatalities have been reported 
after intramuscular injection of a mercurial diuretic, and that the 
diuretic response ofteji compares favorably with that which re, suits from 
intravenous injection. 

REFERENCES 

1. Wolf, I. J., and Bongiorno, H. C.: Sudden Death With Salyrgan, Canad. 

M. A. .T. 25 : 73, 1931. 

2. Cadbury, W. W.: Idiosyncrasy to Salyrgan, Ifcdical Papers Dedicated to 

H. A. Cliristian, Baltimore, 193G, The Waverly Press, pp. 259-200. 

3. Groenvrold, IS. M., and Jacobson, S.: Sudden Death Duo to Alercurial Di- 

uretics, J. Pediat. 11: 540, 1937. 



WEXLER AND ELLIS: REACTIONS TO MERCURIAL DIURETICS 


9'5 


4. Tyson, Mary C.: Danger of Intravenous Mercurial Injections in Nephrosis, 

J. A. M. A. 117 998, 1941. 

5. Priedfeld, L., Kissin, M., Modell, W,, and Sussman, R.: Communication on 

Mereuimrin, J. A. M. A. 117: 1806, 1941. 

6. Brown, G., Priedfeld, E., Eassin, M., Modell, W., and Sussman, R. M.: 

Deaths Immediately Pollowing the Intravenous Administration of Mercu- 
purin, J. A. M. A. 119: 1004, 1942. 

7. Barker, M. M., Lindberg, H. A., and Thomas, M, E.: Sudden Death and 

Mercurial Diuretics, J. A. M. A. 119: 1001, 1942. 

8. Hj'man, H. T. : Sudden Death After Use of Mercurial Diuretics, Communica- 

tion, J. A. M. A. 119: 1444, 1942. 

,9. Hirshfeld, S., Hyman, H. T., and Wanger, J. J.: Influence of Velocity on 
tlie Ee.sponse to Intravenous Injections, Arch. Int. Med. 47: 259, 1931. 

10. Hirshfeld, S., Hyman, H. T., and Wanger, J. J.: Studies of Velocity and 

the Response to Intravenous Injections, J. A. M. A. 96: 1221, 1931. 

11. Riddell, V. H.: Blood Transfusion, New York and London, 1939, Oxford 

University Press, pp. 313-31(5. 

12. Jackson, D. E.: Action of Mercuiy in Organic Combination, J. Pharmacol. 

& Exper. Therap. 29: 471, 1926. 

13. Chastain, L. L., and Mackic, G. C.: Studies on Toxicity of New Mercurial 

Diuretic (Sodium Salt of Pj'ridine-dicarboxj'-mercuri-hydroxyl-propyl-amide- 
theophj-llin). South. Med. & Surg. 102: 5, 1940. 

14. DeGrati, A. C., and Lehman, R. A.: The Acute Toxicity of Mercurial Di- 

uretics, J. A. M. A. 119: 998, 1942. 

15. DeGraff, A. G., and Nadler, J. E.: A Review of Toxic Manifestations of 

Mercurial Diuretics in Man, J. A. M. A. 119: 1006, 1942. 

16. Kling, E. M., and Seymour, W. B.: Systemic Reactions to Mercurial Di- 

uretics, Am. J. SI. Sc. 203: 874, 1942. 

17. Slolnar, I.: Plotzlicher Tod nach einer intraperitonealen Novurit-Injektion, 

Klin. Wchnschr. 14; 239, 1935. 

18. Pox, T. T., Gold, H., and Leon, J.: Hypersensitiveness to a Slercurial Di- 

uretic, J. A. M. A. 119: 1497, 1942. 

19. Sundaram, S. K.: Idiosyncrasy to SaljTgan, Communication, J. A. SI. A. 103: 

60, 1934. 

20. Salant, W., and Kleitman, N.: Observations on the Action of Mercury, 

J. Pharmacol. & Exper. Therap. 19: 315, 1922. 

21. Sollmann, T.: A Manual of Pharmacologj', Philadelphia, 1936, W. B. Saunders 

Co., pp. 1031-1033. 

22. Goodman, L., and Gilman, A.: The Pharmacological Basis of Therapeutics, 

New York, 1941, The Slacmillan Co., pp. 642, 732. 

23. DeGraff, A. C., Batterman, R. C., Lehman, R. A., and Yasuna, E.: Excretion 

of Slercury Pollowing Administration of Slereurial Diuretics With and 
Without Theophylline, Proc. Soc. Exper. Biol. & Sled. 39: 250, 1938. 

24. Swigert, N. W., and Pitz, R.: The Eifect of Slcrsalyl (Salyrgan) on Plasma 

Volume, J. A. SI, A. 115: 1786, 1940. 

25. Calvin, D. B., Decherd, G., and Herrmann, G.: Response of Plasma Volume 

to Diuretics, Proc. Soc. Exper. Biol. & Sled. 44: 529, 1940. 

26. Higgins, W. H.: Acute Toxic Effects of Slereurial Diuretics, J. A. SI. A. 119: 

1182, 1942, 



EXPERIMENTS WITH CALCULATED THERAPEUTIC AND 
TOXIC DOSES OP DIGITALIS 


V. Coiip.iRATm; Effects of Toxic Doses of Digitalis and of 

PiTRESSIN ON THE ELECTROCARDIOGRAM, HeaRT, AND BrAIN*' 

WiLLiAAi H. Dearing, 3I,D.,t Arlie R, Barnes, M,D.,t and 
Hiram E. Essex, Pii.D.i 
Rochester, ^Iinn. 

T he pui'pose of these studies ivas to ascertain whether repeated, 
large doses of the A’asoconstrietor, pitressin, could induce changes 
in the electroeardiograin, in the myocardium, and in the brain irhieh 
7'esembled those produced by toxic doses of digitalis, 

LITERATURE 

Various cardiovascular responses to posterioj’ pituitary extracts have 
been studied since 1895, when Oliver and Schafer’ shoived that their 
extracts were capable of producing a rise of the blood pressure and a 
.slowing of the heart rate. HowelP and von Cyon" ob-sei’ved .similar 
' changes after po.slerior pituitary extracts had been administered to dogs 
and rabbits. Szymonowicz’ de.seribed a slight decrease of the blood pres- 
sure and rise of the cardiac rate, Schafer and Vincent”' .Slated that 
pre.ssor and depre.ssor .substances existed in their extracts. The pre.s.sor 
effect was accompanied by slov.dng of the heart rate. Gamier and Thaon® 
described a brief rise, then a fall, and, finally, a substantial rise of the 
arterial pre.ssure of the rabiht after posterior pituitaiy extracts had 
been adrnini.stered. Paukow’ and Fiihner^ observed changes in blood 
pressure similar to those noted by Gamier and Thaon, Gmber' re- 
ported that vasopressin produced a rise of the blood pres.sure in all 
doses v.'hen injected intravenou.sly into dogs ane.sthetiaed with chlore- 
tone; a fall of blood ju'essure occurred in unanesthetized dogs. Gruber 
and Kountz’” stated that piti-e.ssin caused, fir.st, a decrease of the heart 
rate during the primary i-ise of blood pressure, and then an accelera- 
tion of the heart rate during the fall in blood j)rfessure; finally, the 
cardiac rate decreased during the prolonged rise of blood pre.ssure. 
Goldenberg and Rofhbergej’” ob.served a decrease of the blood pre.sstire 
after the admini.stration of pitre.ssin to dogs. They considered that 
this reaction was the result of dirnini.shed cardiac output produced by 
the effects of coronary .spasm on the myocardium. 

Isolated arterial rings immer.sed in pituitary extracts were found to 
be decreased in caliber by de Bonis and Susanna’^ and by Pal.’" On 

Kt-ccivc-d for publtettion FftL. 28, 1943. 

*Abridpmf:nt of portion of thori.w .‘submittftd by Dr. Dearinsr to the Fficuliy ef the 
Graduate Scijool of the University of Minnesota, in pnrtlnl fiilfil}mf;nt of the tc-qtiire- 
mentR for the dettrec of Ph.D. in Medicine. 
fDivision of 'ledicine, Mayo Clinic, 

JDJvi.eion of Experimental Medicine, Mayo Foundation, 
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the contrary, Coiv^'* stated that rings of coronary arteries were some- 
times constricted and sometimes dilated. Eischhieter^^ observed that 
the ear vessels of the rabbit constricted after the administration of 
pituitary extracts. Geiling, Herrick, and Essex^'’ found that pressor 
fractions fi*om the posterior lobe of the pituitary gland reduced the 
blood flow in the femoral artery and Amin. They used the thermo- 
stromuhr to measure the volume of blood floAv. 

The effects of extracts of the posterior lobe of the pituitaiy on the 
coronary blood floAv in isolated heart preparations haAm been studied 
by numerous hiAmstigators. Dale^^ found a diminution of the coronaiy 
blood floAV, along Avith a decrease of the strength of cardiac contrac- 
tion. Meyer^® did not observe any significant change in the coronary 
blood floAv. Rabe^'* reported that either a contraction or a dilatation 
occurred. Gunn-° deserilied a diminution of 70 per cent in the coro- 
nary blood floAv. Gruber^^ stated that neutralized pituitary extracts 
caused coronary Amsoconstrietion, but that nnneutralized commercial 
extracts caused Amsodilatation. Gruber and Eountz-- observed that 
pitressin in both alkaline and acid .solutions produced vasoconstriction 
of the coronary Amssels. 

MoraAvitz and Zahn,-^ Bodo,-‘ Rbssler,-" and Ross, Dreyer, and 
Stehle-® stated that the coronary blood floAA% as measured by the Mora- 
Avitz caimula method, is diminished by posterior pituitary preparations. 

Anrep and StaceA'^^' and Hiiusler^® showed that posterior pituitary 
extracts decrease the coronary blood Aoav as measured by the hot-Avire 
anemometer. 

The thermostromuhr lias iieen used in recent years to measure the 
coronary blood floAv after the administration of pitressin. Hochrein-” 
observed an increase of the coronaiy blood floAv, vdiereas 'Dietrich^® 
and Essex, AVegria, Herrick, and Mann^^ described marked decreases. 
The latter authors shoAved that the blood floAv may remain less than the 
control level as long as forty-five minutes. 

Numerous electrocardiographic changes after the administration of 
posterior iiituitary extracts haAm been described by Claude, Porak, and 
Routier,®’’ Heeht and Nadel,^^ Resnik and Geiling,^"’ Gruber and 
Kountz,“® Goldenberg and Rothberger,^^ and Dietrich.^® 

AIETHODS 

These experiments Avere done on fifteen trained cals. 

The pitressin (20 pressor units per cubic centimeter) Avas prepared by 
Parke, DaAus and Company. Usually the extract Avas admini,stered in- 
traAmnously ; occasionally tlie intramuscular route Avas used. 

Electrocardiograms Avere made on each animal.^" The tracings Avere 
made before the pitressin aa'os injected and at Aurious intervals after its 
administration. In some animals the tracings Avere made during the 
injection and at interA'als of only a fcAv seconds; in others the tracings 
AA’-ere made every fiA-e minutes, ten minutes, or fifteen minutes. In the 
more prolonged experiments, electrocardiograms Avere taken hourly or 
daily. 
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Tabm I 

COKRKLzWIOK OF THE DOSAGE OF PiTRESSIK, THE TIME INTERVAES, AND THE 

Histoeogic Stowes ok the TiIyocardium 


BATE 

TIME 

DOSAGE 
OF PIT- 
RESSIX 
(C.C.) 

MODE OF AD- 
MIiaSTItATION 

DBP.A- 
TXOM OF 
EXPEIH- 

AIEXT 

PAPII<- 

E.vp.y 

MESCEE 

AND 

EEFT 

VEN- 

TP.ICEE 

IHSTOl 

INTEP.- 

VEN- 

TBIC- 

HEAP. 

.SEPTL'lt 

-OGIC Cl 

P.IGHT 

VEK- 

TRICEE 

rANOES 

EE4T 

ATP.IE’M 

BIGHT 

ATRH-jr 

5/ 3/38 

9:00 A.M. 

3 

Inlnivpnou.s 

Died on 

Ye-S 

Yes 

Yes 

No 

No 


2:00 I'.M. 

3 

IntraTcnou.s 

2nd 

-f- -f -f- 

-r 4- 

-r 







day 






5/18/38 

8:20 I'.M. 

3 

Intravenous 

Died on 

Yes 

Yes 

Ye.s 

Yes 

±1 


10:45 A.Af. 

3 

Intravenous 

2nd 

+ 4- 

-f.± 


2; 



3 :45 P.M. 

3 

Intravenou.s 

day 







4:30 P-M. 

2 

Intravenous 







5/10/38 

9:15 A.il, 

3 

Intravenous 

Died 

Yc.s 


Yes 

No 

No 


11 :40 A.M. 

2 

Intravenous 

late on 

-f -f 

mm 

± 




1:30 P.il. 

2 

Intravenous 

2nd 


■1 





3:35 P.M. 

3 

Intravenous 

day 






5/11/38 

8:40 A.M. 

3 

Intravenous 



HH 




5/21/38 

8:10 A.M. 

3 

Intravenous 

Died on 

Yes 

Yes 

No 

No 

No 


10:40 A.M. 

*} 

Intravenous 

3rd 

•f -r 

4* 





2:20 P.M. 

2 

Intravenous 

day 






5/25/38 

8:15 A.M. 

2 

Intravenous 








3 :30 P.M. 

2 

Intravenous 







5/30/38 

8:15 A.M. 

3 

Intravenous 

Died on 

Yes 


No 

No 

No 


10:30 A.M. 

3 

Intravenous 

4th 

*r 4* 

mm 





3:20 P.M. 

2 

Intravenous 

da}- 






5/31/38 

10:15 a.m. 

2 

Intravenous 







5/11/38 

9:40 A.ar, 

1.8 

Intravenous 

Died on 

Yes 

Ye.5 

Ye.s 

±1 

4- 


11:45 a.m. 

2 

Intravenous 

13th 

+ 4- + + 

4-4-4- 

4- 4- 




1:45 P.M. 

3 

Intra%’enous 

day 







2:15 P.M. 

2 

Intramuscular 








4:00 P.M. 

l.G 

Intramuscular 







5/12/38 

8:50 A.M. 

3 

Intravenous 








11:15 A.M. 

2.0 

Intravenous 








1 :50 P.M. 

3 

Intravenous 







5/13/38 

9:00 A.M. 

3 

Intravenous 








11:00 A.M. 

O 

Intravenous 







5/18/38 

12:00 M. 

3 

Intravenous 







6/27/38 

8:10 A.M. 

3 

Intravenou.s 

Killed 

No 

No 

No 

Ko 

No 


12:00 M. 

2 

Intravenous 

on .5tli 






0/28/38 

8:00 .I'l-M. 

2 

Intravenou.s 

day 






6/20/38 

8:00 A..M. 

3 

Intravenous 







G/30/38 

8:00 A.M. 

2 

Intravenous 







5/ 2/38 

8:50 .'i.M. 

2 

Intravenous 

Died on 

No 

No 

No 

No 

No 


10:50 A.M. 

2 

Intramuscular 

5th 


j 





11:.50a_M. 

2 

rntramu.scular 

dav 







1 ;50 P.M. 

l.C 

Intravenous 








4:30 P.M. 

2 

Intravenous 







00 

8:50 -MM. 

2 

Intravenous 








11:50 .A.M. 

2 

Intra-venous 




1 




1 :45 P.M. 

2 

Intravenous 








2:30 P.M. 

2 

Intrarnu.scular 








4 :45 P.M, 

2 

Intravenous 







5/ 1/38 

9:45 A.M. 

2 

Intravenous 


1 






2:15 P.M, 

2 

Intravenous 


{ 






4 ;50 P.M. 

2 

Intravenou.s 


1 

} 




5/ 5/38 

9:00Ai.M. 

3 

Intramuscular 

* 

1 






11:00A.M, 

2 

Intramuscular 



1 





1:45 P.M. 

2 In t ramtj r | 



1 





3:45 P.M. 

2 

Intramn.scular| 



I 


1 



4:50 P.M. 




i 

1 































































Table 1 — Cont’d 


DATE 

TIME 

DOSAGE 

OF PIT- 
RESSIN 
(C.C.) 

MODE OF AD- 
MINISTRATION 

DURA- 
TION OF 
EXPERI- 
MENT 

PAPIL- 

LARY 

MUSCLE 

AND 

LEFT 

VEN- 

TRICLE 

HISTO: 

INTER- 

VEN- 

TRIC- 

ULAR , 
SEPTUJI 

LOGIC CH 

RIGHT 

VEN- 

TRICLE 

ANGES 

LEFT 

ATRIUM 

RIGHT 

ATRIUJI 

4/25/38 

8:30 a.m. 

2 

Intravenous 

Killed 

Ko 

No 

No 

No 

No 


10:30 a.m. 

2 

Intravenous 

on 8tli 







2:30 P.M. 

2 

Intravenous 

day 







4:50 P.M. 

■ 2 

Intravenous 







4/26/38 

9:00 A.M. 

2 

Intravenous 








1:45 P.M. 

0 

O 

Intramuscular 







4/27/38 

9:00 A.M. 

2 

Intramuscular 








11:00 A.M. 

2 

Intramuscular 








1:45 P.M. 

3 

Intramuscular 








4:00 P.M. 

3 

Intramuscular 







4/28/38 

8:30 A.M. 

2 

Intramuscular 








30:30 A.M. 

2 

Intramuscular 





i 



12:30 p.m. 

2 

Intramuscular 








2:30 P.M. 

2 

Intramuscular 

i 







4:30 p.m. 

2 

Intramuscular 







4/29/38 

8:25 A.M. 

2 

Intravenous 








10:30 a.m. 

2 

Intravenous 








12:30 p.m. 

2 

Intramuscular 







4/30/38 

8:00 A.M. 

3 

Intravenous 






i 

6/19/38 

8:00 A.M, 

3 

Intravenous 

Killed 

± 

± 

No 

No 

No 

6/20/38 

8:00 A.M. 

3 

Intramuscular 

on 






6/21/38 

8:00 A.M. 

3 

Intramuscular 

10th 





i 

1 

6/23/38 

8:00 A.M. 

3 

Intravenous 

day 






6/13/38 

10:00 a.m. 

2.8 

Intravenous 

Killed 

No 

No 

No 

No 

No 


2:45 P.M. 

3 

Intravenous 

on 






6/14/38 

2:30 P.M. 

2 

Intravenous 

16th 






6/17/38 

1:58 P.M. 

1.5 

Intravenous 

day 






6/18/38 

10:00 A.M. 

2 

Intramuscular 







6/20/38 

8:00 A.M. 

2 

Intramuscular 







6/21/38 

8:00 A.M. 

2 

1 Intramuscular 







6/22/38 

11:00 A.M. 

3 

Intramuscular 

1 


1 

1 




6/24/38 

8:00 A.M. 

3 

Intramuscular 







6/25/38 

9:40 A.M. 

3 

Intramuscular 







6/27/38 

8:00 A.M. 

2 

Intramuscular 

i 






6/19/38 

10:20 A.M. 

3 

Intravenous 

Bailed 

No 

No 

No 

No 

No 


4:00 P.M. 

3 

Intravenous 

on 










10th 










day 






6/19/38 

11:00 A.M. 

0.1 

Intravenous 

Killed 

No 

No 

No 

No 

No 


1:30 p.m. 

0.1 

Intravenous 

on 







3:30 P.M, 

0.1 

Intravenous 

12th 






6/20/38 

As on 



day 







6/19/38 









6/21/38 

As on 










6/19/38 









6/22/38 

As on 










6/19/38 









6/23/38 

As on 








1 


6/19/38 









6/28/38 

8:00 A.M. 

3 

Intravenous 







0/19/38 

8:25 A.M. 

3 

Intravenous 

Killed 

No 

No 

No 

No 

1 No 


10:25 A.M. 

3 

Intravenous 

on 





i 


12:10 P.M. 

2 

Intravenous 

33rd 







2:40 P.M. 

2 

Intravenous 

day 







4:30 P.M. 

2 

Intramuscular 







5/20/38 

9 : 00 A.M; 

3 

Intravenous 








2:20 P.M. 

3 

Intravenous 







5/23/38 

9:15 A.M. 

3 

Intravenous 








2:50 P.M. 

3 

Intravenous 








4:30 P.M. 

2 

Intramuscular 







5/24/38 

11:30 A.M. 

3 

Intramuscular 








3:50 P.M. 

2 

Intravenous 







5/26/38 

3:00 P.M. 

3 

Intramuscular 
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Tablk I — COXT'I) 


DATE 

TISIE 

DOSAGE 
OF FIT- 

P.ESSIN 

(C.C.) 

SrODE OF AD- 
MIXISTKATION 

DURA- 
TIOX OP 
EXPERI- 

StEXT 

PAPIIi- 

DAF.Y 

MUSCLE 

AKD 

LEFT 

W.X- 

TP.IOI.E 

iiiSTor. 

IXTER- 

VEX- 

TRIC- 

ULAR 

SEPTCjr 

,OGic cjr 

P.IGHT 

VEX- 

TKICLE 

AXGES 

LEFT 

ATRIUM 

RIGHT 

ATRIUM 

4/ 5/38 

8:50 a.m. 

0.3 

Intravenous 

Killed 

Ko 

No 

No 

No 

No 


10:50 A.M. 

0.3 

Intravenous 

on 







12:50 P.M. 

0.5 

Intravenous 

loth 



1 




2:50 P.M. 

0.0 

Intravenous 

day 

1 


j 




4:50 P.M. 

0.75 

Intravenous 







4/ 0/38 

8:10 A.M. 

0.5 

Intravenous 








10:10 A.M. 

0.75 

Intravenous 








12:10 P.M. 

0.1 

Intravenous 





1 



2:40 P.M. 

1 

Intramuscular 








4:40 P.M. 

1 

Intravenous 







4/ 7/38 

8 :40 A.M. 

1 

Intravenous 








10:40 A.M. 

1 

Intravenous 








12:50 P.M. 

1 

Intramuscular 








3:15 P.M. 

1 

Intramuscular 







4/ 8/38 

8:30 A.M. 

1 

Intravenous 








10:30 A.M. 

1 

Intravenous 








3:20 P.M, 

1 

Intravenous 







4/12/38 

8:50 A.M. 

2 

Intramuscular 








2:00 P.M. 

2 

Intramuscular 








Notes were compiled on tlie reaction of each animal to every injection 
of pitressin. 

Those animals which did not die spontaneously were killed, after 
various periods, in an ether or chloroform chamber. Necropsies were 
performed immediately. The brain, .spinal cord, heart, stomach, duo- 
denum, ileum, uterus, diaphragm, bicep.s, and musculature of the_ ab- 
dominal wall were prepared for microscopic .study as de.scribed in a 
previous paper."® 

The animals desciibed in a previous paper"® served as controls, 

RE.SULT,S 

A. Anatomic Studies of the Myocardium After Repeated Tnjection of 
Large Boses of Pitressin. — Fifteen cats were used in these experiments 
on the effect of repeated, large doses of pitressin on the .stnieture of the 
myocardium. 

Anatomic changes were observed in the cardiac muscle of six of the 
fifteen animals. Table I illustrates the number of doses of piti'cssin, the 
size of each dose, the mode of administration of the preparation, the 
duration of the experiment from the fir.st injection of pitre.ssin to the 
death of the animal, and the result of the liistologic study of the myo- 
cardium. 

The niyoeardial lesions rasembled those seen after toxic doses of 
digitalis had been given, although the lesions produced by digitali.s 
tended to be more extensive than those produced by pitres.sin. The 
anatomic changes in the myocardium were focal in di.stn'hution, as we 
noted with the lesions produced by digitalis. The early, definite changes 
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consisted of degeneration of the myocardial fibers (Fig. 1). Hemorrhage 
Avas commonly found in the early myocardial lesions. Later^ exudative 
cells entered the zone of myocardial degeneration. The histologic 
changes Avere most likely to be found in the papillary muscle and in the 
region just beneath the endocardium of the left A^entricle. 

No eAudenee of arteriosclerosis AA'as seen in any of the cardiac arteries 
or arterioles. Small, macroscopic, reddish A'errucae Avere noted on the 
mitral valves in some of tlie animals. Subendocardial hemorrhages Avere 
observed macroscopically in seA-eral animals. Small doses of pitressin 
did not produce demonstrable histologic damage in the myocardium. 



pjg, 1 , — ^Degenerative changes in myocardial fibers after repeated injection of large 

doses of pitressin (X-loO). 

The observation, made by many prcAdous iiiA'estigators, that second 
doses of pitressin may not produce any significant cardiovascular reac- 
tion, AAms confirmed. The fact that second doses of pitressin,' injected 
too soon after the first dose, may not cause a significant decrease of the 
coronary fioAV may account for some, but perhajis not all, of our failures 
to bring about mjmcardial lesions in a number of animals. 

The old animals AA-ere the only ones in Avhich myocardial lesions de- 
Amloped. Myocardial changes Avere not found in seAmral young eats. 

■ 7?. .Elecfvocardiographic Studies During. the Repeated Adminisfrotio7i 
of Large Doses of Pitressin. — The changes of the RS-T segment and T 
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wave wMeli occurred during and after tlie administration of repeated 
doses of pitressin were as follows: (1) decrease of the height of the 
T wave in one or more leads; (2) increase of the height of the T wave 
in one or more leads; (3) simple inversion of the T wave in one or 
more leads ; (4) depression of the RS-T segment in one or more leads ; 
(5) elevation of the ES-T segment in one or more leads (not of the 
plateau tjT^e) ; (6) cove-plane, negative T 2 and Tg, associated with a 
positive Tj ; (7) negative and T,, associated with a positive Tg. 

All the animals at one time or another showed changes in the height 
of the T waves or simple inversion of the T wave in one or more leads. 
Elevation of the RS-T segment (similar to that shown in Pig, Id of the 
second paper in this series)^' frequently was seen immediately after 
the pitressin had been injected; this elevation, however, did not per- 
sist long. The plateau type of elevation of the RS-T segment which 
occurred after administration of toxic doses of digitalis was not ob- 
served in the animals which reeeh'ed pitressin. 

Depression of the RS-T segment (Fig. 2) was observed m a number 
of the animals. This pattern was striking in four cats. 

The cove-plane, negative T 2 and T, pattern (Pig. 3) was found in 
two cats; both of these animals had degenei’ative lesions in the myo- 
cardium. One cat in which myocardial lesions developed did not show 
any significant changes in the ES-T segment or T wave in any of the 
electrocardiograms which were made each day. 

Numerous other eleetrocardiogi-aphic changes were noted: profound 
sinus bradycardia, sinus tachycardia, bigeminy, ventricular premature 
eonti’aetions, complete heart block, ventricular tachycardia, and ven- 
tricular fibrillation. These changes after the administration of pitres- 
sin have been described by numerous previous investigators and do 
not need to be elaborated on. 


Table H 

CORKEL.\TIOX OF THE DOSAGE OF PlTEESSIX, THE TlilE INTEFAAL, AND THE HISTOLOGIC 

Studies ox the Cextral Hef.vous SysTEii^ 


DUKATIOX OF EXPERlilEXT 

1 histologic changes 

1 CEREBRUM 

1 CEREBELLtIJr i 

PONS 

1 SPI.VAL CORD 

Died on 2nd dav 


— 

— 

- 

Died on 2nd day 



— 

— 

— 

Died late on 2nd dav 

Yes-f-f 

Ko 

yes± 

Ko 

Died on 3rd day 


— 

_ 

— 

Died on 4tli dav 

Yes + + 

Yes + 

Yes± 

No 

Died on I3th day 

Killed on oth dav 

Ko 

Ko 

Ko 

Ko 

Died on oth da 3 ' 

No 

Ko 

Ko 

Ko 

Killed on 8th dav 

Ko 

Ko 

Ko 

Ko 

Killed on 10th day 


— 

— 

- 

Killed on IGth day 

Ko 

Ko 

Ko 

Ko 

Killed on 30th day 

Ko 

Ko 

Ko 

Ko 

Killed on 12th day 

Ko 

Ko 

Ko 

Ko 

Killed on 33rd day 

Ko 

Ko 

Ko 

Ko 

Killed on 10th day 

No 

Ko 

Ko 

No 


•For Rate, time, dose, and mode of administration, see Table I. 
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G: Aoiatomic Studies of the Central Nervous System After Repeated 
Injection of Large Boses of Pitressin— Two of tlie six animals in wMch 
myocardial lesions were found after repeated injection of large doses of 
pitressin were suitable for microscopic examination of tbe brain. The 



Pig. 2. — On tlie left, control electrocardiogram; on the right, depression of the KS-T 
segments after repeated injection of large doses of pitressin. 



Fig. 3. — On the left, control electrocardiogram ; on the right, cove-plane, negative T: 
and Tj after repeated injection of large doses of pitressin. 


brain and spinal cord of these two animals were removed immediately 
after spontaneous death. Table II illustrates the distribution of the 
lesions. The cerebral cortex was the most wilnerable. No changes 
were found in the cells of the spinal cord. 






KM AMEinCAX HEAHT AOUKXAL 

The Jji'ain and spiral cord of the remamiag oighl.s avimah (Table 
II) "were free from evidence of significant cellular lesions. 

Fig. 4 illustrates the degeneration which was seen in the pyramidal 
cells of the cerebral cortex after repeated injection of doses of pitres- 
sin. The cortical cells after the administration of pitre.ssin showed 
swelling^ A'acuolization, degeneration (necrosis), and pykno.sis. TJiese 
cellular changes i*esembled those that occurred after the administra- 
tion of toxic doses of digitali.s. Howevcj-, the cortical le.sions were 
niuch less exten.sive than some of those which were observed after 
toxic doses of digitalis had been administered. 



Fig-. 4, — Dc-gfinorativv. changes in pyraniidai celi.s of the cerebral cortex after repejUml 
injection of large do.ses of pitreKsin (X-i.aO). 

D. Macroscopic and Microscopic Chanf/cs in the Hlomach After Tie- 
peated Injection of Larfje Doses of Pitressin . — ^Idicse observatioms are 
eonfirmatoiy of those repoi-ted by Dodds, Noble, and Bmith^' and 
Dodds, Noble, Searfif', and ’William.s.'*^ 

In our studie.s, changes in the .stomach were produced by repeated, 
large doses of pitressin. IMaeroscopically, the gastric mucosa of the 
fundus and upper portion of the pylorus was eroded by numerous 
ulcer.s. The mucous membrane of the stomach v/as eithei- red from 
hemorrhage or black from the action of acid on the extravascular 
hemoglobin. 

IVIiero.scopically, the mucosa of the .stomach .showed varying degrees 
of degeneralion of the fundic cells. Hemorrhage was a prominent 
Kature in these lesions. The gastric smooth muscle v/as unchanged 
in the animals studied in our experiment. 

I’hc mucosa of the duodenum was entirely normal, both macroscopic- 
ally and micioscopieally, even when the gasti'ie lesions were extensive. 
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E. Signs Observed in the Cats After Injection of Large Doses of 
Pitressin . — An initial intravenons dose of 3 c.c. of pitressin caused 
profound bradycardia and,, frequently, brief respiratory arrest. Paling 
of the oral mucosaj panting respirations, and ataxia soon appeared, 
yoniiting, urination, and defecation often occurred. These effects have 
been described by inanj'- previous ivorkers. Recovery of the animal 
was gradual. 

A second dose of pitressin, given soon after the initial dose, did not 
produce those changes, or, if they did occur, they were mild. 

"When the doses of pitressin were properly spaced, there was a re- 
currence of the foregoing effects each time the extract was adminis- 
tered intravenously. 

After two or three doses of pitressin had been injected on the first 
day, the animals became verj'- hungry and consumed large quantities 
of meat. A mucoid, diarrheal discharge often appeared at the end of 
the first day of treatment with one, tivo, or three large doses of 
pitressin. 

Small doses of pitressin (0.1 c.c.) produced little external change in 
the animal. Bradycardia could lie delected liy palpation of tlie heart- 
beat or by the electrocardiogram. 

The older the animal, the more striking were-the untoward physical 
signs after the injection of a large dose of pitressin. Young animals 
tolerate large doses of pitressin better than the old ones. 

COMMENT 

The myocardial lesions are not easy to produce with repeated doses 
of pitressin. The dose of pitressin must be large, the time interval 
between succeeding injections must be optimal, and the animal must 
be old. 

Doses of pitressin Avhich are administered too soon after the initial 
injection are likely to produce little measurable change in the cardio- 
Amseular system. The coronary blood flow, in iiarticular, may not be 
decreased by these repeated injections of pitressin, a fact knomi to 
Dale‘s' in his early experiments with pituitary extracts. Furthermore, 
the decrease of coronary blood flow after administration of pitressin, 
although pronounced, is not sustained for a period longer than forty- 
five minutes (Essex, Wegria, Herrick, and ^laniF^). Therefore, if our 
assumption is correct, that the myocardial lesions in our experiment 
on the effect of pitressin are related to the decrease of the coronary 
blood flow, the experimental conditions must be oiitimal in order to 
attain repeated, sustained diminutions of the coronary blood flow. 

We wish to avoid an erroi- in the interpretation of our experiments 
by stating that it does not necessarily follow that the myocardial lesions 
produced by digitalis are induced by vasoconstriction in the coronary 
arteries just because pitressin decreased the coronary blood flow and 
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produced myocardial lesions ■\vhieli resemble those seen after the ad- 
ministration of toxic doses of digitalis. 

SUMIMARY 

Histologic changes were observed in the myocardium after the re- 
peated injection of large doses of pitressin. The myocardial lesions 
resembled those which occurred after the administration of toxic doses 
of digitalis. They were focal in di.stribution and were most prominent 
in the subendocardial layer of the left ventricular musculature. 

The follondng is a summary of the changes in the RS-T segment and 
T wave after large doses of pitressin: (1) decrease or increase of the 
height of the T wave; (2) elevation of the RS-T segment (not of the 
plateau type) in one or more leads ; (3) simple inversion of the T wave 
in one or more leads; (4) depression of the RS-T segment in one or 
more leads; (5) cove-plane, negative T 2 and Ts; and (6) cove-plane, 
negative T^ and Tg. 

Cellular degeneration was observed in the cerebral cortex after the 
repeated injection of large doses of pitressin. 

Myocardial and cerebral lesions were not observed in all the animals 
which received large doses of pitressin. 

Myocardial lesions were produced in the oldei’, but not the younger, 
animals. 

Gastric lesions were observed after the injection of large doses of 
pitressin. This confirms the observation of Dodds and his associates. 
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EXPERIMENTS WITH CALCULATED TIIERAIH^^UTIC AND 
TOXIC DOSES OF DIGITALIS 


VI. CoMP-VRATivK of Toxic Dosk.s of Digitalis and of 

Prolonged Deprivation of Oxygen on the Ei.egtro- 
CARDIOGRAM, HeART, AND BrAIN^ 

William H. Bearing, M.D.,t Arlie R. Barnes, M.D.,f 
AND Hiraai E. E.ssex, Ph.D.i 
Rochester, Mjnn. 

T he jjurpo.se of this inve.s1iga1.ion mtis Ihreefold: (1) to ascerfain 
whether iirolonged depi-ivation of oxygen would produce electro- 
cardiographic changes which re.semliled those induced by toxic do.scs of 
digitalis; (2) to ascertain whethei- prolonged deprivation of oxygen 
was capable of ])roducing histologic changes in the myocardium similar 
to tho.se ob.served after the administration of toxic doses of digitalis; (3) 
to find out whethei' prolonged dejirivation of oxygen and toxic do.se, s of 
digitalis pi'oduced similar cellular alterations in the central nervous 
.system. § 

LITERATURE 

The literature on deprivation of oxygen is immense. liluch of it, 
although extremely interesting, is not .strietH relevant to our problem. 
The basic contributions dealing with the effects of deprivation of oxygen 
on the electrocardiogram, the cellular structure of the myocardium, and 
the central nervous .system will be mentioned. 

Let us consider fir.st the pertinent publications which describe changes 
in the RS-T segment and the T wave in the electrocardiogram after 
.systemic deprivation of oxygen. Greene and Gilbert’ reported a de- 
crease of the amplitude of the T wave in the early stages (precriscs) of 
dejirivation of oxygen produced in young men dunng rebreathing cx- 
liei'iments; .sometimes the T wave was diphasic or negative near the stage 
of circulatory crisis. ( Jreene and GilberU made similar ob.se n’at ions on 
dogs. iMiki“ described the ‘'church-.spire'’ T wave of abnormal height 
in asphyxia. Kountz and Gruber'* reiiorted that a “high branching T 
wave” occurred in dogs which were connected with a rebreathing aj)- 
pai-atus. This change in the T wave was observed when the oxygen 
saturation of the blood fell to less than 50 per cent of noinial. Thesa 
authors coneludcd that the high, branching T wave of coronary oc- 
clusion was due to anoxemia, Kounlz and IfammoiKbP de.seriljcd 
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changes in the ES-T segment and T wave when the right or left coronary 
artery in the canine heart-liing preparation was peidiised with asphyxial 
blood. These authors concluded that the changes in the E-T segment 
after coronary occlusion were due to a high concentration of locally 
produced metabolites. Eothschild and Kissin“ induced anoxemia in 
thirty-eight persons with a rebreathing apparatus. The electrocardio- 
grams of ten of these shoived a doumward deviation of the S-T segment; 
one person had an upward delation of the segment. An average of 7.9 
per cent oxygen in the inspired air caused S-T changes in the controls, 
whereas an average of 8.4 per cent produced S-T deviations in the 
patients with angina pectoris. 

Katz and Hamburger" reported a decrease in the height of the T 
wave and a depression of the S-T segment in studies on twenty normal 
persons who breathed air in which the oxj’-gen was diminished gradually 
to 7 volumes per cent. Dietrich and Schwiegk® described in man, during 
deprivation of oxj-gen (8 per cent in inhaled air) a depression of ES-T, 
and ES-To, a negative T^ and Tg, and an elevation of ES-To and 
ES-Tg, associated with a depression of ES-T,. Dietrich® observed, in 
dogs, flattening of the T wave, inversion of the T wave, or depression 
of the S-T segment. He showed that these electrocardiographic changes 
occurred when the oxygen in the inspired air ranged from 6 to 9 per cent 
and when the coronary blood flow, as measured liy the Eein thermostro- 
muhr, was increased considerablj’'. Cluzet, Piery, Ponthus, and Mil- 
haud^® described an elevation of the T wave in dogs in a low pressure 
chamber. Tigges^^ observed a flattening of the T wave in normal persons 
who Avere subjected to hypoxemia. Larsen’® administered 9 per cent 
oxygen to ninety persons, in some of Avhom he found a depression of the 
S-T segment, flattening of the T wave, and inversion of the T waves. 
Borgard^® reported flattening of the T waves, with a transition to nega- 
tive T waves ; finally, the T wave became high and spiked. These studies 
were done on animals at low atmo.spherie pressures. Levy, Baraeh, and 
' Bruenii’^ and Le\^', Bruenn, and Eusseir® described a flattening of the 
T Avave and occasional depression of the ES-T segment in persons Avho 
inhaled 10 per cent oxygen and 90 per cent nitrogen. IMay’® made 
similar observations on normal persons. 

Binet, Strumza, and Ordonez^' obserAmd in dogs that a negative To 
occurred Avhen 7.36 per cent oxygen Avas inhaled, and an elevation of the 
E-T segment, along Avith a tall T AvaA'e, appeared AAdien 2.41 or 2.89 per 
cent oxygen Avas administered. Scott, Leslie, and IMulinos’®’ ''® subjected 
cats to atmospheres containing 10 per cent oxygen both before and after 
ligation of the left branch of the anterior descending coronary artery. 
The ES-T segment did not deAuate from its isoelectric position Avith 
anoxemia preop eratively. After the coronary artery had lieen ligated, 
the ES-T segment ,Avas dcAaated upAA'ard;,in time, the ES-T seg;ment re- 
turned to the isoelectric position, cA’cn though the infarct persisted. 
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'SMieii tlie animals then. %vere subjected to anoxemia, the RS-T segment 
assumed the deviation pattern ivhich occurred just after the coronary 
artery had been ligated. Levj^ Bruenn, and William-s-® stated that, 
among patients suffering from angina pectoris and coronarj-^ sclerosis, 
changes in the ES-T segment and the T wave developed after the 
administration of digitalis (1.5 Gm. in four days). These changes re- 
sembled those caused by anoxemia.^^* On the fifth day, anoxemia was 
produced in these digitalized patients; it was found that the deviation 
of the ES-T segment diminished by 40 per cent, and the interval between 
the production of anoxemia and the time of appearance of the pain was 
shortened 9 per cent. The latter observation agrees with the contention 
of Grilbert and Fenn-^ that digitalis increases the susceptibility to pain 
of patients suffering from angina pectoris. Gold, Otto, ICMut, and Satch- 
well,^® on the contrary, stated that the likelihood that digitalis vdll pro- 
duce angina is negligible. 

Concerning the effects of .sj'stemie anoxia on the anatomic structure 
of the heart, several references were found in the literature. Sehrbtter^“ 
observed fattj- degeneration in the mj-oeardiums of guinea pigs which 
were subjected to low atmospheric pressures (230 mm, Hg) for forty 
hours, Campbell^^ also noted fatty changes in the myocardiums of eats, 
rabbits, calve.s, and mice after they had been exposed for a long time to 
low oxygen pressures, Luft®^ observed necrosis in the papillary' muscle 
and in the left ventricular wall of the hearts of guinea pigs which had 
been subjected to low pressures (230 to 300 mm. Hg for 120 to ISO 
hours). For the sake of completene.ss, it may be worth while to mention 
that Buchner®® produced necrosis of the myocardium in anemic, exercised 
rabbits, and that Liebmann,®' Herzog,®* Gey,®® Gurich,®® Tesseraux,®* 
Kroetz,®® Nagel,®® and many others have described myocardial degenera- 
tion in man after poisoning by illuminating gas. Although the myo- 
cardial lesions produced by cither coronaiy occlusion in man or eoronaiy 
ligation in animals are too familiar to warrant comment, it might be of 
interest to point out that Tennant, Grayzel, Sutherland, and Stringer®^ 
did not obseiwe anatomic changes in the myocardium until eight hours 
or more after coronarj' ligation. Karsner and Dvyer®® de.scribcd histo- 
logic changes twelve hours after permanent ligation of the eoronaiy 
arterj*. 

Some of the major contributions on the effects of deprivation of oxy- 
gen on the central nenTjus system will now be reviewed. Deprivation of 
o.xygen has been produced in the central nervous system In’" temporari' 
ligation of blood vessels, by the u.se of low pres.sure chambers, and by the 
inhalation of air of low oxygen content, de Buck and de Mooiy '’' 
Holt,®'- ®® Hill and l^Iott,®® Gomez and Pike,"® and Gildea and Cobb"' 
described cellular changes of the central nervous .system after ligation 
of blood vessels. The changes in the nerve cells consisted of chromatol- 
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ysis, swelling of the cells, shrinkage of the cells, vacuolization of the 
cj'toplasm, neiironophagia, and complete disintegration of the cells.- 
Gildea and Cobb described foci of necrosis in the brains of their eats 
after temporarj'- ligation of the cerebral vessels; thej^ fonnd that ten 
minntes of cerebral ischemia was sufficient to damage cortical cells per- 
manently. Martin, Loevenhart, and Bunting^^ exposed rabbits to low 
oxygen tension (average oxygen percentage == 7.21 to 7.98) for twelve to 
231 hours. They did not find any anatomic changes in the brain or 
spinal cord. Pord'*^ asphyxiated eats and kittens by washing the air 
from a bell jar vdth nitrogen; then the animals were resuscitated and 
finally killed. No lesions were found in the brain. Buchner and LufP* 
described degenerative changes in the brains of guinea pigs which were 
subjected to low atmospheric pressures (250 to 300 mm. Hg) from 103 
to 133^ hours. 



Pig. 1. — ^Diagram illustrating the apparatus used to attain low percentages of 
oxygen over long periods (days), a. Water-sealed chamber* with wire cage floor; &, 
cross section showing the structure of the water-sealed border of the chamber; c, tube 
through which the gas mixture flowed into the chamber; d, tube, 6 feet (183 cm.) 
long, through which the gas mixture flowed from the chamber: e, side tube through 
which samples of gas were collected; /, sealed glass jar in which .urine was collected; 
£f, Heidbrink flowmeters connected to the oxygen and nitrogen tanks. 


3IETHOD.S 

Six eats were used in tliese studies on deprivation of oxi*gen. The 
animals were placed in a large, water-sealed chamber (Pig. 1), and 
breathed oxj^gen at low concentrations for several da 3 ^s. The desired 
concentration of oxygen was attained and maintained by allowing mix- 
tures of oxygen and nitrogen to flow continuously into the upper portion 
of one end of the chamber and to flow out tlirough the lower portion of 
the opposite end of the chamber. Influx of atmospiieric air into the 
chamber was prevented by attaching a rubber tube, 6 feet (183 cm.) 
long and of small caliber, to the outflow opening. 
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Tlie percentage of oxygen in tlie chamber was adjusted by controlling 
■the rate of inflow of the niti-ogen and oxygen through calibrated 
flowmeters attached to each gas tank. ]^'’oi' example, if tlie nitrogen 
flowed at the rate of 9.5 liters per minute and the o.xygen at 0.5 liters per 
minute, then the proportion of oxygen entering the chamber would be 

0.5 

approximately 5 per cent 1 hV T T T F These ealcu- 

9.0 -r U.O 

lations permitted one to estimate quickly the percentage of oxygen at 
any moment during the expei-iment. 

Samples of gas were collected at various intervals through a side tube 
placed near the outflow opening of the chamber. The percentages of 
oxygen and carbon dioxide were ascertained in these samples with the 
Haldane gas analyzer. The percentages of oxygen as calculated from 
the rates of flow of nitrogen and oxygen through the flowmetei’s agreed 
fairly well with those ascertained* by actual analysis. The carlmn 
dioxide was prevented from accumulating by maintaining a fairly 
rapid flow of nitrogen and oxygen through the chamber; therefore, ab- 
sorption of the carbon dioxide with soda lime was not necessary. The 
content of carbon dioxide in the chamber varied from 0.2 'to 0.6 per 
cent. 

The eats lay on the }‘ight side while electrocardiograms were made at 
various intervals thi-oughout the eounse of the experiment. The electro- 
cardiographic lead wires travei'sed the outflow tube described previously. 

The cats were removed from the chamber for a short time each 
morning to permit cleaning of the chamber, feeding of the animals, and 
readjustment of the electiucardiographic electrodes on their e-xtrcmilics. 
The electrocardiograms were taken as de.scribed elsewhere.'*'' 

Notes were made on the appearance and behavior of the animals 
while they inhaled the low-o.xygen gas mixture. 

The animals which did not die spontaneously wej'c killed in an ether 
or chloroform chambei* after they had inhaled the low-oxygen mixtures 
for three to eight days. The heart., bi-ain, spinal cord, stomach, du- 
odenum, ileum, uterus, biceps, diaphragm, and abdominal musculatui’e 
were prepared for miero.scopic .study in accordance with the procedure 
described in a previous paper.'*^ 

The control aiiimals for the microscopic studies were the same as those 
described elsewhere.'*'’ 
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RESULTS 

A. Anatomic Studies of the Myocardium After Prolonged Systemic 
Deprivation of Oxygen. — It will be recalled that tlie myocardiiims of 
the control animals did not reveal any evidence of degenerative changes. 

Table I indicates the effects of prolonged systemic deprivation of oxy- 
gen on the myocardinm in onr experimental animals. There were no 
changes in the myocardinm of the animal which died one and a half 
hours after the inhalation of low concentrations of ox.ygen, whereas the 
five animals which survived three or more da.ys in the low-oxj’gen gas 
mixture exhibited varjdng degrees of histologic change in the myo- 
cardium. 



Fig'. 2. — Degenerative changes in the myocardium after prolonged systemic deprivation 

of oxygen (X450). 

The anatomic lesions produced in the myocardium after prolonged 
exposure to low-oxygen tensions differed very little from those which 
were seen after the injection of toxic doses of digitalis (compare Pig. 2 
inth Fig. 1 of the first paiier of this series). The lesions produced by 
digitalis were, as a rule, more extensive than those that occurred after 
deprivation of oxygen. The earliest definite and obvious change in the 
myocardium after prolonged anoxia was degeneration of the muscle 
fibers hi localized zones (Fig. 2). In time, cellular degeneration, plus 
exudative cells, was present in the myocardium. These histologic changes 



114 


AMERrCAN HEART JOUKNAE 


were apparently not different from those ])rodiiced hy the administration 
of digitalis or pitressin, coronary ligation, and so forth. 

The cellular changes -were most prominent and extensive in the papil- 
laiy muscle, the left ventricular wall, and the intervcntilcular septal 
wall. Except in two animals, the atrial and auricular anatomic changes 
were cither absent or difficult to i-eeognize. 

The old animals died sooner and .showed more extensive myocardial 
lesions than the young ones. For example, an old cat died .spontaneou.sly 
after three days of deprivation of oxygen, and its heart contained ex- 
tensive degenerative changes, while a young adult cat lived for eight 
days at low' oxygen tensions ; it wms killed on the eighth day, and its heart, 
showed onl}'' a few^ degenerative lesions. This difference of sensitivity 
to deprivation of ox-j^gen wms not because of arteriosclerosis in the older 
animal, for no evidence of this di.sease was observed in the corona7\y ar- 
teries or arterioles of any of our experimental animals. 

Table IT 

COP-RELATIOX OF DURA'noX OF SY.STEMIC DEPRIVATION' OF OXYGEN', HiSTOLOOIC StI’BIES 

OF THE Myocardium, axd the Most Prominent Change in RS-T Segment 
AND T Wave Ob.servbd During the Experi.ment 


average 

OXYGEN, 
PER CENT 

MINIMAL 
OXYGEN, 
I’ER CENT 

1 

DURATION 
OF EX- 
PERIMENT 

III.STOLOGIC 
CHANGE IN 
MYOCARDI- i 
UM 

MOST PROMINENT CHANGE OF RS-T SFXi- 
SI ENT AND T WAVE OBSERVED 

4.43 

4.43 

14 hours 

No 

Negative T, 

Cove-plane, negative T, and T,; T, 
flattened but positive 

4.54 

4.36 

3 days 

Yes 

4.82 

3.54 

4 days 

Yes 

Depression ES-T„ RS-Tj and R15-Ts; 
finally cove-plane negative % and 
T 

4.86 

4.58 

5 days 

Yes 

Deprc.s.sion RS-T„ RS-Tj and RS-T,; 
finally cove-plane negative Tj and 
T- 

Depression RS-T„ RS-T. and RS-T, 

4.71 

4.30 

8 days 

Ye.s 


B. Elecirocardiographic Studies During Prolonged Systemic Depriva- 
iioji of Oxygen. — The changes in the ES-T segment and T wmve ob- 
served after deprivation of oxygen (Table IJ) w'ere as follows: (1) 
decrease in the height of the T wave in one or more leads, usually in 
aU three leads; (2) increase in the height of the T w'ave in one or more 
leads; (3) inversion of the T w'ave in one, tw'o, or three leads; (4) de- 
pre.ssion of the RS-T segment in one or more leads; (5) cove-plane, nega- 
tive T, and T,; (6) negative T^ and positive T,. 

The RS-T segment w’as not elevated significantly (plateau type) in 
any of the electrocardiograms which were made while the animals W'erc 
inhaling low-oxygon gas mixtures. It is not known whether the seg- 
ments w-ould have become elevated if llie animals Jiad been pennitted to 
remain out of the low-oxygen chamber for a day or so after myocardial 
lesions had developed. 

The suece.ssion of electrocardiographic changes was usually initiated 
by decreases in the height of the T waves, and sometimes by a negative 
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Tg; tlien either tall T waves or simply inverted T waves in one or more 
leads were observed; depression of the ES-T segments, with diphasic 
. T waves in one or more leads (Fig. 3), was noted to precede or foUow 
the tall T waves or the sunply inverted T waves; finalh^ cove-plane, 



Pig-. 3. — On the left, control electrocardiogram; on the right, depression of the RS-T 
segment after systemic deprivation of oxygen. 



Fig. 4. — On the left, control electrocardiogram; on the right, cove-plane, negative 
T- and Ta after prolonged deprivation of oxygen. IMyocardlal lesions were associated 
with this pattern. 


negative T„ and Tg, with flattened and diphasic T^, preceded liy a de- 
pressed ES-T^ segment, were observed (Fig. 4). When the animals were 
permitted to breathe atmospheric air, the foregoing electroeardiograpliie 
changes were altered promptly or reverted to tlie normal pattern. 
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]\Iany other electrocardiographic changes were oh.served dm-ing the 
various grades of anoxia: sinus tachycardia, sinus bradycardia, pro- 
longation of the Q-T interval, heait block, decreased height of the QJiS 
complex, flattening of the P wave, and so foitli. 

C. Anatomic Siwlies of the Brain and Spinal (Joi'd After Prolonfjed 
Systemic Deprivation of Oxygen . — ^The central nervovs syAernH of only 
three of our six experimental animals were examined microscopically 
(Table III). The cerebral cortex (frontal, motor, and visual), the 
cerebellum, the pons, and the spinal cord (cervical, thoracic, and lum- 
bar) were the portions of the nervmus system studied. The cerebral 
cortex was the most ^’ulnex’able to deprivation of oxygen. Degenerative 
lesions were observed in the cortices of all three animals. The cere- 
bellum of one animal showed a few pyknolic and vacuolated cells. The 
pons in two animals contained scattered pyknotic and vacuolated cells. 
No evidence of degeneration was seen in any of the cells in the .spinal 
cord. 

Table IH 

CORRELATIOX OF DtjE-ATIOX OF SYSTEMIC DePBWATIOK OF OXYOEX AXI> StOWES OK 

THE Cellui.ar Structure of the Cei^tral Xervous SysTESt 


A\’EEAGE 

IIIXIMAL 

DUIiATIOK 

1 niSTOIXKJIC CIIAXGES | 

REMARKS 

OZTGEK, 
PER CE.XT 

orYGEK, 
PER ce::t 

OP EX- 
PERIifEXT 

CERE- 

BRUM 

CEREBEL- 

LUM 

POXS 

SPIXAT.i 
CORB 1 

4.43 

4.43 

] t hours 

No 

No 

No 

No 

DieO 

4.54 

4.3G 

3 dtxyn 




- 

Died 

4.82 

3.54 

4 (lavs 

Yob~h 

a. 

4 . 

No 

Exten.sive lesions 

5.29 

4.30 

4 (lavs 

- 




Died 

4.8C 

4.58 

5 day.s 

Ycs-H4 

No 

± 

No 

Moderately exten- 
sive lesions 

4.71 

4.30 

8 flays 

Yes 4± 

No 

No 

No 

Tnw le.sion.s 


The type of changes observed in the large and small pjTamidal cells 
of the cerebral coiiex may be summarized as follows: (1) .swelling; 
(2) pj-^knosis; (3) vacuolization; (4) degeneration (necrosis) ; and (y) 
satellito-sis. 

The cellular changes were es.sentially the .same as tho.se dc.scribed 
after digitalis had been administered in toxic amounts. The lesions pro- 
duced by digitalis were far more extensive and intensive than tho.se 
produced by deprivation of oxygen. Fig. 5 illustrates the degenerative 
changes in the pyramidal cells after prolonged deprivation of oxygen. 

D. Signs Observed in Animals While They Were Subjected, to Sys- 
temic Deprivation of Oxygen . — An endeavor was made to keep the per- 
centage of oxygen in the chamber at a level which produced only .slight 
dro'vvsine.ss in the animals. The cats .seemed to breathe 4 to 5 per cent 
o.xygen without much eridence of di.stre.ss. When the percentage of 
oxygen fell too rajiidly or wus held at too low a level, the animals became 
restle.ss and e.xhibited a panting type of respiration. 

Sometimes cyanosis of the tip of the nose and tongue was oh.served, 
\omiting occurred on two oceasion.s, Atfixia was noted in .several of 
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tlie animals when they were removed from the ehamber for the daily 
feeding. This ataxia did not persist very long. Death occurred as the 
result of respiratory failure in three cats; electrocardiograms were taken 
on these three animals when death* occurred — the respirations ceased 
liefore the heart stopped beating. 



Pigr. 5. — Degeneration of the pyramidal cells of the cerebral cortex after prolonged 

deprivation of oxygen (X4o0). 

At any given low percentage of oxygen, the old animals showed more 
tendency to cyanosis and panting respiration than did the I'oung an- 
imals. The old eats died sooner than the young ones while breating the 
same percentage of oxygen. 

COJDIENT 

The experimental methods used in these studies were simple and 
readily controlled. The percentage of oxygen was cheeked by two inde- 
pendent methods. The necropsies were done immediately after the animals 
died or were killed. The myocardial and cerebral degenerative changes 
had to be definite before we counted them as myocardial or cerebral 
lesions. This avoided quibbling about borderline intracellular morph- 
ologic changes. 

In order to avoid errors in the interpretation of these experimental 
results, it should be pointed out that these animals were subjected to 
rather severe grades of anoxia over long periods. We do not know 
how the eat and man compare in their relative sensitization to depriva- 
tion of oxygen. We wish to avoid giving the impression that, just be- 
cause the electrocardiographic, myocardial, and cerebral changes after 
prolonged deprivation of oxygen resembled those seen after the admin- 
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istration of toxic doses of digitalis, the lesions produced by digitalis 
were the result of anoxia and nothing else. This conclusion is unwar- 
ranted. The fact that deprivation of oxj'gen may produce changes simi- 
lar to those induced by toxic do.ses of digitalis may be interpreted as 
])ossible presumptive evidence, but certainly not as direct proof, that 
anoxemia may be one of the many factors involved in the production 
of myocardial and cerebral lesions by digitalis. 

In order to avoid another error of interpretation, it may be worth 
while to emphasize that exi.sting experiments of .short duration (done by 
othei’s) indicate that anoxia dilates the coronary arteries and increases 
the coronary blood flow. 

summary 


Hi.stologie changes were ob.served in the myoeardiums of animals 
which were subjected to prolonged systemic deprivation of oxygen over 
periods of three or. more days. An endeavor was made to keep the con- 
centration of oxygen near 4 to 5 per cent. One animal, which died one 
and a half hours after the inhalation of low percentages of oxygen, did 
not .show any evidence of anatomic changes in the myocardium. 

The myocardial lesions produced by deprivation of oxygen resembled 
those found in the heart after the administration of toxic doses of dig- 
italis. They were focal in disti’ibution and were most prominent in the 
papillary muscle and in the left ventricular wall. 

The follo'\ving is a .summary of the prominent changes in the ES-T 
segment and the T wave after prolonged systemic deprivation of o.xygen : 
(1) decrease or increase in the height of the T waves in one or more 
leads, (2) simple inversion of the T waves in one or more leads, (3) de- 
pression of the RS-T segment in one or more leads, (4) cove-plane, 
negative Tn and T-. and (o) negative T, and positive T 3 . 

The electrocardiographic change.s, as a rule, disappeared when at- 
mospheric air was introduced into the chamber. 

Cellular change.s were observed in the central nervous system after 
prolonged deprivation of oxygen. The changes were .similar to those de- 
scribed by others after anoxia and to those obser\’ed after the adrnini.stra- 
tion of toxic doses of digitalis. 

Old animals were more .sensitive to deprivation of oxygen than youn,g 
ones. 
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Clinical Report 


INTRAPERICARDIAL ANEURYSM ■ CAUSED BY 
CONGENITAL SYPHILIS 

C. Dojiinguez, R. P. Scharer, and E. R. Pietrafesa 
Buenos Aires, Argentina 

A S POINTED out by Moore, ^ “cardiovascular lesions happen so 
rarely in congenital lues that they can be discarded as practically 
non-existent.” For this reason, ive feel that it is worth while to present 
the clinical and post-mortem observations on an 18-year-old girl who 
showed clear-cut signs of aortic insufficiency of the Hodgson type and 
aneurysm of the ascending aorta caused b}^ congenital sj^philis. 

case report 

History . — ^Both parents are alive. The mother has had repeatedly 
positive blood Wassermaini and Kahn reactioiis, and has aortic insuf- 
ficiency of the Hodgson type and marked dilatation of the ascending 
aorta. She has had ten pregnancies, of which the first four were suc- 
cessful, and the offspring are alive and healthy; the fifth was spon- 
taneously interrupted by abortion after seven months; the sixth was 
successful, and tliis offspring is our patient ; the seventh Avas interrupted 
b}’’ abortion after eight months; and from the other three pregnancies, 
Avhich Avere successful, tAvo children died in infancy and one is alive 
and in good health. We AA^ere not able to examine any other i-elative 
of our patient. 

At the age of 3 years, our patient was ill AAdth what AA^as diagnosed 
as meningitis. HoAveA'^er, from that time until the beginning of tlie 
iUness described in tliis paper, she felt aa’^cII. For tAvo AA^eeks before her 
admission to the hopital, she had nocturnal paroxysmal dyspnea on 
exertion, together AAdth retrosternal pain and cough. 

Physical examination. — ^Adenoidal facies and inadequate nutrition. 
CardioA^ascular sA'stem : pulse regular, equal, and forcible. Blood 
pressure : 120/20. Forcible arterial pulsations in the neck. Apex beat 
ill the sixth left intercostal space outside the mammillary line, AAdth 
elevation of the thoraeic AAmll. A marked thrill Avas felt in the second 
and third right intercostal spaces, AAdiere there Avas a double murmur 
(systolic and diastolic) AAhich AA^^s tran.smitted to the re.st of the pre- 
cordial area; the systolic component aa'os the more intense. The heart 
sounds Avere normal. 

The rest of the physical examination Avas negative. The blood Wasser- 
mann and Kahn reactions AA^ere positive; the blood urea nitrogen and 
glucose Avere normal, as Avas the urme. 

Roentgenologic examination shoAA’ed a heart of mitral-aortic con- 
figuration, markedly enlarged (Fig. 1). The ascending aorta made a 
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bulge to the right, and the auriculovascular point was lowered. The 
superior vena cava was distended. The pulsations of the left ventricle 
were of the excited type, and those of the ascending aorta were e.x- 
pansile. In the left oblique posterior view the considerable enlargement 
of the ascending aorta, with its expan.sile pulsation, and the enlargement 
of the left ventricle were verified. The lateral view .showed marked 
enlargement of the anteroposterior diameter of the heart and disappear- 
ance of the retrosternal clear space as a result of the aortic enlargement. 
By means of a radiopaque meal, it was found that the entire esophagus 
was deflected baelrwards. There was a marked pulmonary design, and 
the right hilum was covered by the .shadow of the ascending aorta. 



Fie. 1- 


The electrocardiogram .showed sinus tachycardia and bundle branch 
block of the common tj^pe. 

Treatment, consisting of the administration of bismuth carbonate 
and eai’diotonics, was begun. The patient imi>i’oved only slightly, and, 
after two and one-half months, sufiei’ed again with nocturnal paroxy.smal 
dyspnea and died during an attack of cardiac a.sthma. 

N'f cropsij. — Macroscopically. il was found that the heart- was enlarged, 
particularly^ tlu; left ventricle, which showed evident hypertrophy and 
dilatation of both inflow and outflow paths (Fig. 2), There were marked 
retraction and hai'dcning of tlie aoilic .sigmoid valves; and a fusiform 



DOjMINGUEZ ET AL. : ANEURYSil CAUSED BY SYPHILIS 


123 


aneurysm of the whole ascending aorta, of a size somewhat greater 
than a hen’s egg, was found (Fig. 2, a). The perieardhnn at that level 
was somewhat thickened. 

Mcroscopie examihation was performed by Dr. M. A. Etcheverrj", ivho 
reported the following: The root of the aorta immediately aboVe the 
region of the annulus (Fig. 3), and especially along the wall of the 
vessel upwards nearer the aneurysmal dilatation (Fig. 4), showed 
thinness and fibroid transformation of the intima, the limits of which 
with the media were not clear; the elastic tissue of the media was dis- 
organized and dissociated by thin bundles of filiroid tissue in large 
zones; the adventitia was thickened and discretely sclerosed; its small 
blood vessels had a decreased diameter and thickened walls. 



Pig-. 2. 


At the level of the aneurysmal dilatation (Fig. 5), the lesions were 
even more pronounced. The aortic wall was thimier, and all of its 
layers were affected. The intima was thinner, fibrous, and had deposits 
of hematic pigment. The limits with the media were confused. The 
latter was also thin, and its musculoelastic tissue was markedly dis- 
sociated and disorganized by thick bands of hyalinized fibrous tissue. 
This fibrous replacement was particularly marked in the external part 
of the media, where, somethnes, the border of the adventitia was barely 
indicated by a tenuous band of fibroelastic tissue ; it was not of nodular 
character, but in the form of long longitudinal bands, more or less large 
in different places. The adventitia showed its greatest thickness in this 
area ; in some parts it formed nearly half of the wall of the aorta. There 
was also. sclerosis; large collagenous bundles, partially hjmlinized, and 
arranged in an undulate form parallel to the axis of the vessel, were 
present, and a few fibrocyte nuclei were visilfie. No Ascholf’s nodules 
were to be seen. The vessels of the adventitia were scarce; their walls 
were thick and filirous, and their lumina were narrow or even obliterated. 
Ai-ound some of them a few leucocjffes were seen, predominantly Ijmipho- 
cytes and plasmocjdes. Noivhere did the sclerosis of the adventitia 
acquii'e a nodular aspect. 
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Fig. 3. — a. Aortic valve; V, aorta; c, myocardium; d, pericardium. 



Fig. 4 
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In the aortic arch there was an atheroinatons plaque, partially calci- 
fied, and at its level the intima and adventitia were practically normal. 

Argentic impregnation of sections of the aortic AvaU to demonstrate 
the Treponema gave negative results. 

Fig. 3 shows one of the aortic valves in which chronic scleroretractile 
lesions were present. 

In the posterior wall of the left ventricle, lesions were found that were 
interpreted as the result of an old, healed, myocardial infarct. 

Some of the myocardial intramural vessels showed no lesions. Others, 
however, and particularly those in one of the sections of the papillary 
muscles of the left ventricle, showed lesions of chronic panvasculitis, 
affecting the intima, media, and adventitia. These were small vessels, 
with thickened walls and reduced lumina. A more detailed anabasis re- 
vealed that, in some of them, there were disoi’ganization of the endo- 
thelium, which appeared irregular and proliferated, proliferation and 
fibrous transformation of the intima, and thickening of the media and 
adventitia, with fibrosis of the latter. In others (Fig. 6), analysis re- 
vealed discrete hunphoplasmocyte and polynuclear infiltration of the 
adventitia, which had extended itself in the neighborhood between the 
myocardial fibers. 

The endocardium showed slight thickening and subendocardial fibrosis. 

Tlie principal lesions in tlie sections which we have described maj’’ be 
summarized as follows : 

Aorta. — Chi-onie endaortitis, .seleroatrophic in parts, sclerohyper- 
trophie in others. In the aortic arch, atherosclerotic lesions, partially 
calcified. 

Chronic, destinietive, seleroatrophic mesaortitis. 

Marked sclerotic periaortitis, with residues of mononuclear infiltration. 

Chrome, seleroi’ctractile lesions of the sigmoid valvas. 

Endocardium . — Chronic fibrous endocarditis. 

Myocardium. — Healed infarct in the Avail of the left Amntricle. Dis- 
crete, chronic, interstitial myocarditis in the remainder. Total alrsence 
of Aschoff’s nodules or other specific le.sions. Localized lesions of chronic 
panvasculitis of stenotic tendency. 


DISCU.S.SION 

Lesions of the aorta caused by congenital sj'philis, especially aneurys- 
mal dilatation, are very rare. Matusoff and White^ stated that inA-oHe- 
ment of the heart and aorta in cases of congenital .sj-philis is rare; and 
CalA'in and Niehamin® concluded that, although many authors belicA-e 
that SA^philis is the principal cause of aneury.sms in children and adults, 
a careful study of the question does not eonfiim that assertion. On the 
other hand, Bronson and Sutherland* .state that anatomic observations 
on congenitally syphilitic ncAAboms suggest that many of the aheuiysms 
of adolescents and young adults may be caused by congenital syphili.s, 
and mention in this re.speet the obserA'ations made by Nixon^ on a 20- 
year-old girl Avitli an aneurA-sm of the abdominal aorta. 

There has been veiy little mention in the literature of eases in Avhich 
necropsy has been performed. E.seudero’^ reported observations on tAvo 
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congenitally sj^philitic brothers, 4 and 6 years of age, who had a cylin- 
drical dilatation of the aortic arch, together inth aortic stenosis. Wilson 
and Marcy" appear to have been the first to verify by necropsy the 
existence of an aortic aneniysni caused by congenital syphib's. Navarro,® 
Acuna,” and Heiman^” presented eases of aneuiysm of the thoracic aorta 
in children, 12, 13, and 14 years of age, with congenital syphibs and posi- 
tive blood Wasseimann reactions. Similar observations were made by 
Herrera Yegas,^^ Paul,^” and Schulte.^® Acuna, Winoeur, and Orosco, “ 
at necropsy on a congenitallj' sj’-philitic girl, 6 years of age, verified 
the existence of multiple aneurysms of the aortic arch and tboracico- 
abdominal aorta, and mentioned the discovery by Muniagurria'^” of an 
aneurysm in a baby 8 days old. Eecently, Neiman and ]\Iarks^” pre- 
sented a similar case, that of a girl 10 years of age upon whom a thor- 
ough anatomic study was made. 

Our patient had all the symptoms of aortic insufficienc}' and an 
aneurysm of the ascending aorta, namely, a systolic tlirill and double 
murmur, 'ndtli maximum intensity in tlie second and third right inter- 
costal spaces, dilatation of the ascending aorta, vdth localized expansile 
pulsations, etc., and this diagnosis was confirmed by necropsy. 

The cause of the disease appears to us undoubtedlj^ to have been 
syphilis ; in fact, the Wassermann and Kahn reactions were po.sitive, and 
no antecedent rheumatic fever or other infections were present. Further- 
more, the microscopic study of the anatomic sections supported the 
clinical presumption; the lesions in the wall of tlie aorta were similar 
in every respect to those described by Neunan and Slarks,^® upon which 
they based their diagnosis of a syphibtic process. 

Considering the absence of a histoiy of syphilitic infection (the vir- 
ginity of the patient supported this) and the evidence that the mother 
had sjTphilis (positive serologic reactions and the histoiy of abortions), 
we feel that the congenital origin of the sjqihilitic infection cannot be 
doubted. 

We wish to point out that the interval between tlie appearance of the 
first sjTiiptoms and the time of death was very short. This is in accord- 
ance with the observations of Cossio and Fustinoni,^" who state that 
‘‘the younger the patient, the more severe is the course of cardio-aortic 
syphilis when it takes the form of aortic insufficiency or aortic 
aneurysm.” 

SUMSLVRY 

The authors comment upon observations made by clinical examination 
and further verified by necropsy in the case of an IS-year-old girl with 
intrapericardial aneurysm of the aorta caused by congenital syphilis. 
A re%dew of similar cases from the literature is gi^'en. The mpid course 
of the malady is pointed out: only three months elapsed between tlie 
fii-st sjmiptoms and the time of death. 
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Page, I. H.: The Occurrence of a Vasoconstrictor Substance in Blood During 

Shock Induced by Trauma, Hemorrhage and Burns. Am, J. Pliysiol. 139: 3S6, 

1943. 

Shock, whether elicited bj* tourniquets placed around the extremities, by strip- 
ping and exposing the intestines, or by hemorrhage and burns, is associated -vvith 
the appearance in the plasma of a substance which causes vasoconstriction in 
rabbits’ ears perfused with either calcium-free Einger’s solution or plasma. It 
does not originate in the kidne 3 ^s or adrenal glands, nor does destruction of the 
spinal cord or renal denervation prevent its appearance. Evidence gathered from 
application of a method depending on ^‘^fatiguing” the vascular musculature 
suggests, if the validity of the method is acceptable, that the vasoconstrictor 
action of plasma from burned, bled, and shocked dogs is caused b}' identical or 
ver}’ similar substances. Furthermore, it differs from the vasoconstrictors present 
in hj’pertensive ’s (human and canine) plasma and in serum (human and canine). 
None of these vasoconstrictors seem to be liistamine. This belief is confirmed bj' 
experiments on isolated intestine which show that serum causes marked contrac- 
tion while plasma from burned or shocked dogs causes none. 

Author. 

Leeds, S. E,: The Effects of Occlusion of Experimental Chronic Patent Ductus 

AiTteriosus on the Cardiac Output, Pulse and Blood Pressure of Dogs. Am. J. 

Physiol. 139: 451, 1943. 

A condition similar to patent ductus botalli was produced in dogs b,v lateral 
anastomosis of the aorta to the left pulmonarj' arterj^ and by end-to-side anas- 
tomosis of the left subclavian to the left pulmonarj* artery. 

Studies were made of both the immediate and late effects of production of the 
experimental ductus arteriosus on the cardiac output, pulse, and content of oxj'gen 
in the blood. 

A stud}^ was also made of the immediate effects of occlusion of chronic experi- 
mental ductus arteriosus on the pulse, s\'stemic blood pressure and that of the 
pulmonaiy artery and the cardiac output. 

In the experiments of long standing the flow of blood through the experimental 
ductus arteriosus was calculated. 

The significance of the findings as related to surgical ligation of patent ductus 
botalli in human patients is suggested. 

Author. 


Bozler, E.: Tonus Changes in Cardiac Muscle and Their Significance for the Initi- 
ation of Impulses. Am. J. Plysiol. 139: 477, 1943. 

The aftei'-potentials of cardiac muscle previouslr* described are accompanied bj' 
changes in “tonus.” In fresh muscle the tension drops slightlj* below the pre- 
vious level corresponding to the positive after-potential observed under the same 
conditions. This phenomenon is significant because it indicates the presence of a 
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tonic contraction in "resting” mnsclc. After treatment v/ith an excess of cal- 
cium ions the responses are follovrcfl by oscillatorj" changes in tension. 

The tonus changes and the local pjotcntials are probably manifestations of a 
more fundamental process, a fluctuation in resting metabolism- The mechanical 
changes are n'eak and hardly plaj' any role as such. Their chief interest lies in 
their relation to the automaticity and rhythmicity of the muscle. It may be 
assumed that an increase in metabolism causes a rise in tonus and a decreased 
surface polarization. The decrease in polarization in turn may be con.sidered as 
the last link in the chain of processes leading to the discharge of an impulse. 

At;THOii. 

Eosenbluetli, A., and Del Pozo, B. C.: The Changes of Impedance of the Turtle’s 

Ventricular Muscle During Contraction- Am. -J. Physiol- 139, 514, 194.3. 

The changes of electrical impedance during the activity of the turtle's ven- 
tricle •were mea.sured by means of an alternating current bridge and recorded from 
a cathode-ray oscillograph. 

The impedance to alternating currents of 30 to 10,000 cycles piCr second and of 
0.04 to O.OG ma. increases during activity. The increase begins approximately at 
the same time as contraction, but it outlasts the mechanical events. There is no 
parallelism betiveen tlie impedogram and the electrogram. Brief electrical and 
mechanical responses involve a brief impedance variation. 

Upon repetitive .stimulation a long enduring impedance change may ensue. 

The early part of tlte ventricular electrogram is not attended by any striking 
change of impedance. 

AVTiSORB. 

Kosupkin, X M., and Olmsted, J. M. D-: Slovring of the Heart as a Conditioned 

Eeflex in the Eahhit. Am. J. Physiol, 139: 5-50, 1943. 

It is possible so to condition a rabbit as to slovr its heart rate by u.sing inhala- 
tion of ammonia as the unconditioned stimulus and the ringing of a bell as the 
conditioned stimulus. 

AU7'HOi:.S, 

Hahum, L. H,, Hamilton, W. P., and Hoif, H. E.: The Injury Current in the Elec- 
trocardiogram. Am. .1, Pliysiol. 139: 202, 1943, 

Injury to the right ventricle cau.ses an up'>vard displacement of the diastolic 
base line in the three standard leads of the electrocardiogram. Injnrj' to the left 
ventricle produces a doTvnv.'ard displacement of the diastolic base line. 

Daring sj'stole there is a return of the string to the isopotential level which 
constitutes the S-T segment. 

In reality, therefore, elevated S-T segments must be interpreted as due to an 
injniy potential resulting from left ventricular damage, vrhich produces in the 
electrocardiogram a downward displacement of the diastolic base line. 

Depressed S-T segments must be interpreted as due to an injury potential re- 
sulting from right ventricular damage, which produces in the electrocfirdiogr.'im 
.’in upv/ard displacement of the dja=tolic base line. 

AvthoR-B. 


Eosenhlueth, A., Daughaday, V/., and Bond, D, D,: The Electrogram of the 
Turtle’s Heart. Am, J. Fhy.-.iol. 139: 4G5, 1913, 


E’.'ioence is presented which indicates 
from leads on an intact and an injnred re; 


that the electric phenomena recorded 
ion of the turtle's ventricle are due to 
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changes wMch occur in the intact, not the injured part of the muscle. This record 
may be called monotopic, to avoid the use of other ambiguous terms. This elec- 
trogram exhibits several components which may vary independently. The sig- 
nificance of some of these components is discussed. 

The records with leads from intact to intact tissue are influenced by the posi- 
tion of the leads with respect to the stimulated region. They may also be modi- 
fied in the course of a series of responses. These records may be called ditopic, 
since they represent the algebraic summation of two mono topic records. 

The electric and the mechanical phenomena of the ventricle are largely in- 
dependent. 

Authors. 

Garvin, C. F.: Gallop Ehsrthm — ^Incidence and the Influence of Age, Race, and 

Sex. Am. J. M. Sc. 205: 814, 1943. 

Of 790 consecutive, adult, autopsied patients dead of heart disease, 199 (25.2 
per cent) had had gallop rhythm due either to auricular contraction or a third 
heart sound. Gallop rhythm occurred most frequently in hjqpertensive heart dis- 
ease and coronar}'' artery disease; one out of every three patients had this type 
of rhj’thm. Cor pulmonale was associated ivith gallop rliythm in about one case 
in .five. Only one of ten patients who died of rheumatic heart disease or sjqjh- 
ilitic heart disease had gallop rhythm. 

The average age of death of 93 patients with hypertensive heart disease and 
gallop rhythm was 49.5 years, of 171 patients with hjTpertensive heart disease and 
no gallop rhythm, 58.8 years. Patients with coronary artery disease and gallop 
rhythm (55) averaged 57.3 years at death; 122 patients with coronary heart dis- 
ease and no gallop rhythm averaged 64.4 years. Both of these differences seem 
to be statistically highly significant. Even if patients with auricular fibrillation 
are excluded (such patients rarely have gallop rhythm and are apt to be older), 
it- still appears that the average age at death of cardiac patients with gallop 
rhythm is less than the average age of cardiac patients without gallop rhythm. 

When patients with hypertensive and/or coronary heart disease were grouped 
together, it was found that, of 326 white patients, 100 (30.7 per cent) had a 
gallop rhythm, while of the 115 colored patients, 48 (41.7 per cent) had a gallop 
rhythm. This seems to indicate that colored patients with fatal hypertensive 
heart disease and/or coronary heart disease, show a higher incidence of gallop 
rhythm than white patients. It is thought that this is really a manifestation of 
the influence of age, for the average age at death of the colored patients was less 
than that of tlie white patients. 

No association between gallop rhythm, and sex was demonstrable. 

Author. 

Mazer, M., and Reisinger, J. A.: Criteria for Differentiating Deep Qa Electro- 
cardiograms From Normal and Cardiac Subjects. Am. J. ISI. Sc. 206: 48, 1943. 

A series of 102 electrocardiograms with significantly deep Qa waves has been 
. analyzed. Criteria have been suggested to aid in differentiating those from nor- 
mal and diseased hearts. 

Authors. 

Evans, W., and Hunter, A.: Chest Lead CR, in Cardiac Infarction. Brit. Heart 

J. 5: 73, 1943. 

A new chest lead, CEj is described and has been tested in the differential diag- 
nosis of cardiac infarction. 
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The lead proved to have a limited value in identifying posterior infarction, 
but it was superior to the limb leads. The authors' experience has emphasized 
the importance of T. in posterior infarction, for in 30 out of 32 patients it sup- 
plied the evidence necessary for the diagnosi.s. In contrast, T, in anterior in- 
farction was less reliable, and T in Clij was often its superior, although inferior 
to T in K',. 

CR; had greatest %’alue in distinguishing between the T„ and T, inversion 
of posterior infarction and similar changes found in heart failure from emphy- 
sema, in pericardial disease, in congenital heart disease, and occasionally in healtliy 
subjects. This new chest lead also helped in the diagnosis of h}T)ertension and 
aortic valvular disease when complicated by anterior cardiac infarction. 

AUTlfOItS. 

Sharpey-Schafer, E. P.: Potassium Effects on the Electrocardiogram of Thyroid 
Deficiency. Brit. Heart J. 5; 83, 1043. 

The flat T wa\'C of thyroid deficiency became upright after i)otassium. In- 
verted T w.aves also became upright, a response which is similar to that in pre- 
ponderance of a ventricle and unlike that of myocardial infarction. A case of 
Addison’s anemia showed accentuation of S-T deiiression. 

AuTiion. 

Sharpey-Schafer, E. P.: Potassium Effects on T-wave Inversion in Myocardial 
Infarction and Preponderance of a Ventricle, Brit. 7^T. J. 5: 80, 1043. 

T-wave inversion due to myocardial infarction is further inverted by raising 
the serum jjotassium, while T-wave inversion due to preponderance of a ■v’^entricle 
becomes upright after potassium. 

The method is useful in analysis of difficult electrocardiograms. It is suggested 
that T inversion in ventricular jirepondcrance is an S-T change, not a T-w’avc 
change. 

AUTUOK. 

Shapiro, M. J., and Keys, A,: The Prognosis of Untreated Patent Ductus Arteri- 
osus and the Results of Surgical Intervention: A Clinical Series of 50 Oases 
and an Analysis of 139 Operations. Am. J. M. Sc. 206: 174, 1943, 

Diagnosis of patent ductus arteriosus can be made with great certainty, and 
complications making .surgical ligation unadvisable arc readily recognized. 

The great majority of patients with this defect suffer no serious disability or 
restriction of activity during most of their lives, but their life expectation is 
greatly shortened by tiic continued presence of the defect, 

Experience to date shows that lig.ation of tlie uninfected ductus can be made 
with a mortality of less than 10 per cent. 

Ligation of the ductus in the presence of subacute bacterial endarteritis offers 
an even chance of .survival in the face of practically certain death without 
ligation. 

• The danger of development of .subacute bacterial endarteritis after siicces.sful 
ligation cannot properly be estimated as yet. 

Six ca.se hi.stories are cited which illustr.ate oppo.sing arguments for and against 
lig.ation. 

An analysis is presented of the rexults of 140 operationH lo ligate the ductus. 
It i.s concluded that the majority of patients v.ith patency of the dnetus ar- 
teriosus should be Hf-nt to surgerv- for ligation after careful clinical studies liave 
been made on them. 
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Ligation should he attempted immediate!}' if subacute bacterial endarteiitis 
develops. 

Ten patients ■with uninfected patent ductus arteriosus have been operated upon 
by Dr. 0. N. "Wangensteen at tiie University of Minnesota Hospital, the last eight 
cases ■with complete success. As far as is hno^wn, in none of them has there been 
a recurrence of signs indicating recanalization. 

Axithoks. 

Bain, C. W. C., and Parkinson, J.: Common Aorto-Pulmonary Trunk: A Bare 

Congenital Defect. Brit. Heart J. 5: 97, 1943. 

A common aorto-piilmonary trunk, as an isolated gross congenital malforma- 
tion, -was found at death in a man of 18 year.s, ■who had always been cyanosed 
and breathless. Electrocardiograms, radiographs, and pathologic details are re- 
corded. The malformation cannot be classified as persistent truncus arteriosus, 
because there ■was neither a defect of the interventricular septum, nor any ab- 
normality of the aortic and pulmonary valves. 

Authors. 

Baker, L. A., Sprague, H. B., and White, P. D.: The Clinical Significance of Loud 

Aortic and Apical Systolic Heart Murmurs With Diastolic Murmurs. Am. J. 

M. Sc. 206; 31, 1943. 

Determination of the status of 187 private j)atients who showed loud systolic 
murmurs, best heard at either the apex or aortic area, but no diastolic murmurs, 
ten to twenty-one years after they were first examined, resulting in finding that 
loo (82.5 per cent) were dead. Death Avas due to heart disease in 122 (78.7 per 
cent). 

Seventy-four (47.7 per cent) of all deaths occurred within a year after the 
first examination, while 110 (70.8 per cent) of the deaths occurred Avithin three 
years. 

The outlook for the younger patients Avith rheumatic heart disease was some- 
what better than for those with heart disease of “degeneratiA'e’^ or uncertain 
etiology. In spite of the high death rate, only 24 of the loo deaths occurred 
under the age of 50 years. The death rate was lower among females for the ten- 
year period but equaled that of the males by the end of fifteen years. Of the 
deaths among those with rheumatic heart disease, 24 per cent were due to sub- 
acute bacterial endocarditis. Those with larger hearts had a higher mortality. 
Despite these prognostic trends, howcAmr, it is impossible to predict with any high 
degree of assurance the course of any particular case. 

An interesting and important obseiwation is that some cases, originally diag- 
nosed as haAung mitral regurgitation because of a loud apical .systolic murmur, 
were later found to have aortic stenosis, Avhich, in the course of ten to fifteen 
years, tended to precipitate abrupt left A'entricular failure (acute piilmonaiy 
edema). The clue to these cases lies in the fact that the loud, somewhat harsh, 
systolic murmur heard at the apex is also heard at the aortic vah-e area, al- 
though perhaps less loudly. The murmur is primarily an aortic systolic murmur 
transmitted to the apex as well as into the neck A'essels: a mitral regurgitant 
murmur is often heard at the lung bases (and in the left axilla) but not at the 
aortic A'alve area. 

It is CA'ident that loud systolic murmurs at the cardiac apex or aortic A-alve 
area are clinically important even in the absence of diastolic murmurs and a well- 
marked cardiac enlargement. , 


Authors. 
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Bloom, F.: Structure and Histogenesis of Tumors of the Aortic Bodies in Dogs. 

Arch. Path. 36: 1, 1943. 

Two similar tumors occurring spontaneously in the region at the base of the 
heart in dogs are reported. They had essentially the same anatomic location and 
histologic characteristics as the aortic bodies. It is considered, therefore, from 
the morphologic evidence, that the tumors originated from these structures. The 
aortic bodies are homologous with the carotid body, and the specific cells are 
neuroepithelial sensory cells that function as chemoreceptors. In view of the com- 
plex nature of the chemoreceptors, it is suggested that neoplasms of these structures 
be designated as tumors of the aortic bodies and tumors of the carotid body. 

Author. 

Peel, A. A. F.: Anginal Pain in Myxedema. Brit. Heart .T. 5: S9, 1943. 

Several types of anginal pain ma}’’ occur in m 3 'xedenia. 

Angina of effort occurs frequentlj’' when there is independent heart disease and 
occasionally with an uncomplicated myxedema heart. In the presence of inde- 
pendent heart disease, angina is sometimes aggravated, sometimes alleviated, and 
sometimes unaffected by th 3 woid therapy. For many patients there is an optimum 
dose, up to which improvement results, but be 3 'ond which pain is aggravated; the 
optimum dose is often sufiicient to procure great improvement in the patient’s 
general condition and to permit a fair amount of activity; in favorable cases the 
angina is abolished on the optimum dosage. When a patient with myxedema and 
independent heart disease suddenly develops effort angina during thyroid treat- 
ment and apart from an increase in dosage, the cause is frcquentl 3 ’’ a small 
coronary occlusion; caution suggests that the dose should bo temporarily reduced 
or discontinued; but once the stage of convalescence has been reached, resumption 
of therapy does not aggravate the pain, and there seems to bo no reason for 
withholding the benefits of the drug. 

A constant pain or ache, aggravated during effort, and tending to be associated 
with attacks of collapse, occurs in some cases of mild or subclinical m 3 'xedema; 
it is referred to as the ''abortive myxedema heart of Zondek.” It improves with 
thyroid therapy, but in these cases, too, there may be an optimum dose. If un- 
recognized and untreated, the patients may develop a clinical m 3 ’'xedema or a 
typical angina of effort. 

Spasmodic angina occurred in two cases. Both may have had very early hyper- 
tension, but neither had any obvious or advanced complicating heart disease. In 
one, the possibility of hyqDoglycemia was considered; the attacks ceased on treat- 
ment with thyroid and a dose of glucose at bedtime. In the other, there was a 
complicating anemia; the attacks ceased when this was treated and before any 
thyroid was given. In neither case did thyroid aggravate the spasmodic angina 
nor did it produce an effort angina. 

The occurrence of anginal pain in a myxedematous patient does not contra- 
indicate the cautious use of th 3 ’’roid; only when pain develops in response to an 
increased dosage is there justification for blaming the drug, and even then it may 
be tolerated at a later date. Author. 

Lange, K.: A Recording Sphygmotonograph: A Machine for the Continuous 

Recording of Systolic and Diastolic Arterial Pressure in Man. Ann. Int. Med 

18: 367, 1943. 

A machine is described which automatically takes continuous records of the 
systolic as well as diastolic blood pressure of man. 

The principle and the detailed construction are shown and the mechanical 
arrangements and working conditions discussed. The inertia of the machine is 
shown and the meaning of the obtained tracings are discussed. 
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A simple mechanical contact device is not satisfactory for registering the 
diastolic pressure since it is dependent on the magnitude of the oscillations in- 
stead of on the steepness of the ascending branch. A heated "wire system 
(balometer) is used to transform the puffs of air into electric currents. 

The steepness of the ascending branch of the diastolic oscillation is an exact 
criterion for the diastolic pressure. 

The accuracy of the sphygmotonograph was proved by comparisons with the 
auscultatory method in 109 patients. The average difference for the systolic pres- 
sure was 0.06 mm. Hg, for the diastolic pressure 4.0 mm. Hg. 

Records taken from both arms of the same patient with two machines are 
identical. 

Taking uninterrupted records for a period of thirty minutes, with partial arrest 
of the circulation in the limb concerned, does not produce any detrimental effect 
on the vessels, nerves, or muscles. 

The partial arrest of circulation and the pressure on the limb does not produce 
changes in the blood pressure. 

Comparative measurements with the Korotkov method, using a recording micro- 
phone instead of the stethoscope, show the accuracy of the sypligmotonograph. 

Many normal persons show Mayer-Traube-Hering waves of a wave length of 
about 30 seconds and a height up to 12 mm. Hg in size, under excitement and 
impaired breathing conditions. 

Even slight mental work or excitement may cause a considerable increase in 
diastolic and systolic blood pressure, especially in individuals in the very begin- 
ning of hypertension. 

Author. 

Fishback, H, R., Dutra, F. E., and MacCamy, E. T.: The Production of Chronic 

Hypertension in Dogs by Progressive Ligation of Arteries Supplying the Head. 

J, Lab. & Clin. Med. 28: 1187, 1943. 

Chronic hypertension has been produced in dogs by ligation, in series, of the 
arteries supplying the head. 

Removal or manipulation in situ of the carotid sinuses alone has no prolonged 
effect on the blood pressure of dogs. 

Authors. 

Warthin, T, A., and Thomas, C. B.: Studies in Experimental H 3 T)ertension. I. 

Phenol Red Excretion and Renal Blood Flow in Hypertension of Renal Origin. 

Bull. Johns Hopkins Hosp, 72: 203, 1943. 

Arterial hypertension was induced in five dogs with single explanted kidneys 
by partial occlusion of the renal artery. Two dogs died in uremia, one and six 
weeks, respectively, after application of the clamps. Three dogs survived and 
were killed, three, seven, and eleven months, respective!}', after the clamps were 
applied. 

Studies of the rate of urinary excretion of phenol red, and of the renal blood 
flow through the extraction of phenol red by the kidney, were made in these 
animals before and after the renal arteries were constricted. 

Immediately before or coincident with the onset of hypertension, a reduction 
in renal blood flow and phenol red excretion occurred. After three to four weeks, 
the renal blood flow returned to the control levels, but the hypertension persisted. 
In four to seven weeks, the phenol red excretion likewise returned to normal 
values. . 
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These experiments indicate tiini chronic experimental lij^iertension of renal 
origin may persist after the renal blood floiv has retnrned to normal. 

Pentobarbital anesthesia in these animals j»roduced a fall in blood jiresKure 
and renal blood flow both before and after hypertension v.-as induced. 

AuTHoas. 

Alpert, L. K., and Thomas, C. B.: Studies in Experimental Hypertension- IL 
The Effect of Dietary Protein on the Urea Clearance and Arterial Blood Pres- 
sure in Chronic Hypertension. Bull. .Johns Hopkins Hosp. 72: 274, W4'’. 

Determinations of the clearance of urea during period.® of varying p<rotcin 
intake ■were made in five dogs. Two of the dogs had chronic experimental hyper- 
tension of renal origin, two had chronic neurogenic hypertension, and one had 
normal blood pressure. 

The urea clearance values v.-ere normal in all of the animals during periods of 
low protein intake and shov/ed f»ronounced eievations when the dogs ivere fed 
diets high in jiroteiri. 

Since variations in urea clearance are associated v.-ith parallel changes in renal 
blood flow, these rcsnlls suggest that there may be no impairment of renal blood 
flow in dogs with chronic exjierimental hypertension. 

The variations in arterial pressure during the experimental diets were not 
great and could not be correlated with the changes in pmotein intake or nrc-a 
clearance. 

Author.*; 

Alpert, Ji. BL, and Llllenthal, J, L., Jr,: Studies in Experimental Hypertension- 
HL The Effect of Dietary Protein on the Clearances of Diodxast and Insulin 
by the Kidney in Chronic Hypertension. Bull. .Johns Hopkins Hosp, 72: 26fl, 
104.?. 

.Simultaneous determinations of the renal clearances of diodrast, inulin, and 
urea were made in si?: dogs during periods of low and high p/rotein intake. Two 
of the dogs had chronic hypertension of renal origin, had tv,-o cdironic neurogenic 
hypertension, and two had normal blood pressures. 

The clearance values of all the .substances under con.eideration v.-ere much 
greater during the periods of higli protein intake than during the low ones. The 
inulin and urea clearances were increased to a relatively grmiter d'rgree than were 
the diodrast clearance.®. 

Xo qualitative difference.® were noted in the re-sjionse of the normal renal hy- 
jiertensive and neurogenic Iiypertensive dog.s to the changes in diet, 

Ho significant anatomical .'ibriomialitie.s v.ere found in the blood ve.®se!s, kid- 
neys, or other organs of the dogs at jiost-mortem examination. 

It is concluded that the blood flow and functional activitie.s of the kidney.® of 
dogs with chronic experimental hypertension may be unimpaired, and may react 
to the stimulus of increased dietary protein in a manner which is indistinguish- 
able from the normal. 

Autho.'ls-. 

Talbott, J- H., Castleman, B,, Smithwick, B. H., Melville, E. S., and Pecora, D- J.: 
Eenal Biopsy Studies Correlated With Eenal Clearance Observations in Hyper- 
tensive Patients Trea'ted by E-adical Sympathectomy. .T. Clin- Investigation 
72: .387, 194.3, 

Benal clearance studies pierformed on twenty piatients %vith es.sentia! hyperten- 
sion showed a significant correlation ■with the microscopic appearance of their 
respective renal tissues which were removed for biopsy at the time of syjni>athec- 
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tomy, i.e.j the more severe the renal vascular disease, the more reduced vere tlie 
glomerular filtration rate and the renal blood floiv. In the cases Tvith Grade 0 
and I renal vascular disease, the renal clearance observations were either noimal 
or only very slightlj- reduced. Only in Grade IV renal vascular disease was renal 
blood flow seriously reduced. 

The flltration fraction was normal in seven out of eight cases in biopsy groups 
0, I, and II. It was increased in six of eleven cases in biopsy groups HE and IV, 
These findings indicate that constriction of the efferent glomerular arterioles was 
not present in the early stages of renal vascular disease. 

Bilateral radical lumbodorsal splanchniceetomy had relatively little effect on 
renal clearance, when measured in the horizontal position. Although glomerular 
flltration was reduced in the immediate postoperative peroid about 20 per cent, 
within a year it returned to and continued to maintain its preoperative level, 
Eenal plasma flow was essentiallj^ unchanged. 

Authors. 

Corcoran, A. C., and Page, I. H. : Effects of Hypotension Due to Hemorrhage and 

of Blood Transfusion on Renal Function in Dogs, J. Exper. Med, 78; 205, 1943, 

Renal blood flow is decreased by hyj)otension due. to bleeding, and glomerular 
flltration rate is disproportionately decreased. After a first fortj'-minute stage 
of h 3 T;)otension at about 60 mm. Hg, infusion of blood with consequent restoration 
of the general blood volume and arterial pressure usuallj* results in a return to 
normal of renal blood flow and function although renal blood flow subsequent!}' 
tends to decrease. The restoration of renal blood flow and function is associated 
with an increase of urine flow above the control level. 

Diodrast clearance loses its value as a measure of renal plasma flow (a) during 
severe or prolonged hj’potension, and (b) immediately after restoration of arterial 
pressure by infusion after a first stage of hypotension. In the former case (a), 
it is decreased in consequence of decreased renal extraction of diodrast flow 
through nephrons whose vascular resistance is low; (b) the disparity after trans- 
fusion is due to excretion of diodrast accumulated in the kidney tubules and, 
presumabl}', in the interstitial fluid during hj'potension. The presence of diodrast 
and inulin in the renal interstitial fluid explains the addition of these substances 
to renal, venous blood observed in some of these experiments. The shifting 
equilibrium of diodrast between renal plasma and interstitial fluid maj' explain 
some of the instances of low diodrast extraction observed in these experiments 
during transfusion after hj'potension, and maj' explain also the incomplete renal 
extraction of diodrast under normal conditions. 

Dogs with denervated kidneys respond to blood transfusion and restoration of 
arterial pressure b\' a disproportionatelj' slow and incomplete return towards 
normal of renal clearance and, presumablj', of I'enal blood flow. On the basis of 
these facts, it is suggested that high spinal anesthesia maj' interfere with recover}* 
of renal circulation in cases of shock treated by transfusion. 

Profound or prolonged and repeated hypotension due to bleeding decreases the 
ability of normal and denervated kidneys of intact and anesthetized dogs to 
respond to transfusion and the restoration of arterial pressiire by proportionately 
increased clearance and plasma flow, apparently because of renal vasoconstriction 
due to the release of humorally circulating vasoconstrictor substances. 

Authors. 

Jahsman, W. E., Durham, R. H., and DalUs, N. P.; Recognition of Incipient 

Thromboangiitis Obliterans in Young Draftees, Ann. Int, Med. 18: 164, 1943. 

Thromboangiitis obliterans occurs in young draftees and should not be over- 
looked because of possible long-continued disability compensation if such draftees 
are accepted for active service. 
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Incipient stages of the disease may be recognized from tlie nail fold capillary 
picture described, together with a modification of the Gibbon and Landis derma- 
therm study. 

In these early stages there is diminution in vasodilatation of mild to moderate 
degree in at least one lower extremity. In the four cases reported, the maximum 
temperature rise in the most involved extremity, after immersion of a forearm in 
water at 110° to 114° F., was from 2..'5° to 4.8° C. below the accepted normal of 
32° to 33° G. Later, with more actual occlusion, there is constant coldness of 
the skin as in arteriosclerosis obliterans and little or no temperature rise on 
exposure to heat. 

Two of the patients did not show as low a level of skin temperature as is 
usually seen after exposure of the feet and legs in a cool room for thirty minutes. 
It might be speculated that with a more active inflammatory proce.ss in the v'cs-sels 
in this stage of the disease there might be lc.ss vasoconstricting ability. A more 
likely explanation is the individual diflercnces that arc bound to be found in the 
way of sensitiveness to cold, even with an early disea.“o process present. 

Having diagnosed the disease early, it should be possible to keep these young 
men reasonably free from symptoms and prevent complications by teaching them 
more moderate habits of living and meticulous care of the feet. 

Autiiok.'S. 

Blakemore, A. H., and Lord, J. W., Jr.: Eestoration of Blood Flow in Damaged 

Arteries: Further Studies on a Nonsuturc Method of Blood Vessel Anastomosis. 

Ann. Surg. 117: 481, 1943. 

The problem of blood vessel anastomosis descrve.s important consideration in 
this war because advances in the control of serious infection and the po.'sible vse 
of anticoagulants afford, for the first time in the history of wars, a basis for suc- 
cess; the outstanding cau.se of the loss of limbs in this war will be damage to the 
blood supply. 

Vitallium is presented as a nonirritating alloy suitable as a prosthcisis for a 
vein graft bridging an artery or %'cin defect in a nonsuture method of ve.ssel 
anastomosis using a single or double tube technique. 

Carefully controlled experiments on dogs are iJresentcd, demonstrating that 
sulfathiazole by mouth contributed greatly to the success of delayed anastomoses 
of severed vessels in contaminated wounds. Using sulfanilamide in alternate 
wounds in a scries of 77 anastomosc.s, it was noted to be of moderate but definite 
value. 

The nonsuture method was shown to be highly successful in anastomosing the 
small femoral arteries of dogs, even in contamin.'ited wounds twenty-four hours 
after section of the artery, and without the use of anticoagulants. 

It is assumed that vein graft anastomo.ses of the severed primary artery in the 
war-wounded will prevent tlie loss of the e.xtrcmity by gangrene if the anastomosis 
remained patent beyond the posttraurnatic edema, up to fourteen days. 

Experiments are presented showing that veins taken from one dog may con- 
tinue to function in another when used as transplants to bridge ves.sel defects; 
for example, the successful reimplantation of limbs twenty-four hours after their 
removal. These experiments afford a jjrospect for the use of preserved veins as 
grafts for bridging vessel defects in the war-wounded ns an alternate to the use 
of homoplastic transpdants. 

AUTIIOK-S. 

Bremer, J. L.: Congenital Aneurysms of the Cerebral Arteries: An Bmbryologic 

Study, Arch. Path. 35: 819, 1943. 

The cerebral arteries are evolved from a capillary plexus arising from the 
earliest branch of the primitive aortic arch, which runs along the under side of 
the brain. From the rostral end of the plexus, branches go in front of the bulging 
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hemisphere and over its lateral surface, becoming the anterior and middle cerebral 
arteries. Another part of the plexus becomes the posterior cerebral artery, cover- 
ing the diencephalon and midbrain. The anterior artery gains the mesial surface 
of the frontal lobe; the posterior supplies the similar surface of the posterior lobes 
tlxat their expansion covers in the diencephalon. All cerebral arteries approach 
from the lesser curvature of the expanding hemisphere, and the interstitial growth 
of, the latter during fetal life rapidly spreads the forhs of their branches. Other 
growth changes have the same action. If these forks lack the media, the rapid 
spread may produce local aneurysms. 

Prom all the cerebral arteries and from the main basal trunk, smaller branches 
dip into the brain substance and also supply the meninges. These also form 
plexuses. Proximal members of such plexuses may enlarge while their distal con- 
tinuations degenerate and may thus becojne aneurysmal pouches from the main 
vessels. Both types may be true congenital aneurysms. 

Author. 

Rottino, A., and Poppiti, E,: Intimal Changes in Medial Degeneration of the 

Aorta. Arch. Path. 36: 201, 194:3. 

A report of a case of severe medial degeneration of the aorta with a tree bark 
type of intima is presented. Syphilitic mesaortitis and endoarteritis obliterans 
of the vasa vasorum were not present. It is contended that the intimal lesion in 
this case is not syphilitic and is secondarj' to mural weakness resulting from 
medial degeneration. 

Brief mention is made of the incidence of intimal lesions in cases of medial 
degeneration. 

Authors. 

Blalock, A.: Effects of Lowering Temperature of an Injured Extremity to Which 

a Tourniquet Has Been Applied. Arch. Surg. 46: 167, 1943. 

The results of the experiments reported indicate that the use of a tourniquet 
on an injured extremity should be avoided whenever possible, but that, if some 
form of constriction is necessary, the temperature of the distal ischemic and 
anemic part should, if possible, be lowered by artificial means. 

Author. 

Essex, H. E., Herrick, J. F., Baldes, E. J., and Mann, F. C.: Observations on the 

Circulation in the Hind Limbs of a Dog Ten Years Following Left Lumbar 

Sympathetic Oanglionectomy. Am. J. Physiol. 139: 351, 1943. 

Observations have been made on the blood flow in the femoral arteries of a 
dog at intervals over , a period of ten years and two months. Blood flow was 
measured in both femoral arteries simultaneously under infiltration anesthesia be- 
fore sympathetic ganglionectomy, and fifteen days, ten months twenty-five days, 
nine years two months, and ten years two months, after sympathectomy. Whereas 
the flow was twice as great in the left or sympathectomized limb as it was in the 
right or control limb fifteen days, and also ten months and twent 3 "-five daj's after 
sympathectomy, the flow was almost the same in the two limbs nine, and also ten 
years after sympathectomy. 

That the vessels of the sympathectomized leg were profoundly hypersensitive 
to epinephrine more than nine and ten years after sj’mpathectom}- was shomi b\' 
a small injection of epinephrine, w'liich caused such a marked constriction of the 
vessels of the sj'mpathectomized side that the flow was zero for at least two 
minutes. , , The flow on the control side taken at the same time was only slightly 
altered. 
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Siiimltanfous i)lf!Uiy!<inoKr!i])liic rficorrls of llie two liinrl feet ftirUier eonflrmed 
tlie observations on ])loo(l flow, since fliere was a transient decrease of llie volume 
of (lie innervated foot but a very prolonf^ed decrease of that of tlie denervated 
foot in response to small doses of ei)inepbrine. 

Histologic examination of a too from eacli bind foot showed that tbe arterioles 
of the left or sympatbeefomized foot bad undergone bypert ropin' wbich was con- 
fined to tbe musctilaris coat of flic vessels. Tbe vessels of tbe control side did 
not show bypertrophy, 

At;tjiokk, 

Meneely, G. K., and Kaltrelder, K, L.; A Study of the Volume of the Blood in 
Congestive Heart Bailurc. Eolation to Other Measurements in Pifteen Patients, 
J. Clin. Investigation 22: .'521, 1012. 

In fifteen patients with .severe congestive heart failure, tbe blood volume, ar- 
terial and venous blood pressure, arrn-to-tongue circulation time, vital capacity, 
arterial and verious oxygen and carbon dioxide eoatcat and oxygen combining 
power, volume of pacbed red cells, plasma carbon dioxide combining porver, and 
plasma total 7 )rotcins were measured and are reported. 

The blood volume was increased in all c.'ises, and, in most, tbe increase was 
substantial, 

Tliere rvas great variability in tbe increase and in tbe degree to wliicb tbe 
plasma and tbe cells contributed to the increase, and no statistically .significant 
difFerenco was observed between tbe increase in cell and plasma volume. 

There was no siinpdc correlation between tbe total blood volume and the other 
measurements made, nor between tbe venous pressure and the circulation time. 

A negative correlation of moderate significance was found between tbe venoms 
pressure and tbe plasma volume. 

The logarithm of the circulation time bore a linear relation to tbe ratio be- 
tween the tran.sver.se diameter of the heart and the internal diameter of tbe cbe.st 
in eight cases where roentgenograms of tbe chest were taben. 

The venous hematocrit and hemoglobin gave little indication of the actual 
volume of circulating cells. 

There was a highly significant correlation between the degree of ano.xernia 
mea.sured by Lundsgaard's "capillary unsaluration” and the increa.^c in cell volume. 

In three patients who improved, all mcitsuremcnts tended toward normal, the 
plasma volume decreasing more than the cell volume. In the patients who grew 
worse, the rever.se was the case. 

Axsthors. 


Shipley, E. E., Gregg, D. E., and Schroeder, E. P.: An Experimental Stady of 

Plovr Pattem.s in Variotis Peripheral Arteries. Am. .1. Physiol- 138: 718, 1913. 

Flow patterns (and simultaneous intra-arterial jiressure curves) have been op- 
tically recorded with an improved orificc-typc ilow meter in tbe renal, hepatic, 
superior mesenterie, femoral, axillary and common carotid arterie.s of dogs to which 
have been administered only anesthetic and anticoagulant. 

A flow pattern may be cbaracferistically distinctive of a given artery and its 
bed, but flow patterns in beteronjanous arteries are found to exhibit v,-ide varia- 
tions in magnitude, timing, direction, and rate of flow, and in similarity of con- 
tour to their respective pressure j>ulse.s. Each floiv components have been con- 
sistently found to exist in the femoral and axillary arterial flow patterns, fre- 
quently found in the common carotid pattern.*, while the renal, hepatic, and 
superior mesenteric have exhibited only forward flow. 
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A study lias been made revealing the probable determinants of, and their inter- 
related influences upon, the phasic rate of inflow to a bed (flow pattern) under 
the above and other physiologic conditions. 

Although the above analysis does not lend itself to a quantitative evaluation 
of the static and dynamic factors which initiate and moderate the phasic rate of 
inflow to a bed, it constitutes a basis for a qualitative evaluation of differences 
among, and changes in, flow patterns, recorded in the same or different arteries 
under various physiologic conditions. 

Authors. 

Pritchard, W. H., Gregg, D. E., Shipley, R. E., and Weisherger, A. S.: A Study of 

Flow and Pattern Responses in Peripheral Arteries to the Injection of Vaso- 
motor Drugs. Am. J. Physiol. 138: 731, 1943. 

Optically recorded flow patterns (with an improved orifice type meter) to- 
gether with the coexisting pressure pulses in the superior mesenteric, hepatic, 
renal, common carotid, axillar}’, and femoral arteries of anesthetized dogs are 
presented. The effects of intra-arterial and intravenous administration of vaso- 
dilator and constrictor drugs on the flow and pressure curves are shown. Follow- 
ing the system of analj^sis previously described, several series of curves have been 
examined with reference to changes in mean flow; relationship of mean flow to 
mean pressure; similarity of contour between patterns and pressure pulses; vol- 
ume of pulsatile deviation from the mean rate of flow (dynamic volume-elastic 
properties of the vascular tree), and the vasomotor state of the bed (dilatation 
or constriction). 

The generally accepted vasomotor responses to so-called dilator and constrictor 
drugs given intra-arterially were observed. However, in some records, and espe- 
cially in those obtained following intravenous drug administration, changes in the 
vasomotor state of the bed could not be determined because of the overlapping 
of central and peripheral drug effects. 

The dynamic volume-elastic component is reduced, except in the common ca- 
rotid artery, by vasoconstrictor drugs given intra-arterially, Avhile vasodilators 
usually increase this fraction during most of the period of drug action. 

The injection of constrictor drugs, either intravenously or intra-arterially, may 
cause the appearance or augmentation of back flow in the patterns of all periph- 
eral arteries so far studied. Dilators may introduce backflow in the common 
carotid pattern and greatly augment that pre-existing in the common carotid, 
axillary, and femoral patterns. 

The interrelationsliip of the determinants associated with vasomotor drug effects 
is considered and discussed. 

Authors. 

Hiatt, E. P., and Garrey, W. E.: Drug Actions of the Spontaneously Beating 

Turtle Ventricle Indicating Lack of Innervation. Am. J. Physiol. 138: 75S, 

1943. 

Isolated strips of the ventricle of the turtle heart will beat spontaneous!}' and 
regularly if bathed in a well-oxygenated physiologic saline solution containing 
potassium and calcium in equivalent molar concentration but having less potas- 
sium than turtle serum. 

These ventricular strips do not show' inhibition either of impulse initiation or 
contractility w'hen treated with acetylcholine (plus eserine) or pilocarpine in 
concentration far in excess of those required to inhibit the auricle and the frog 
ventricle. This confirms previous W'ork indicating that the turtle ventricle lacks 
a vagus nerve supply. 
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Adrenalin and ophodrinc cause a small increase in the amplitude of the con- 
tractions of ventricular strips but the efFect is quite small compared with the 
clToct on the auricle and on the frog vcnl.ricle. It is suggested that this indicates 
a lack of syTiipathctic nerve supply. 

A small excess of potassium, which has little elTect on the auricle or the frog 
ventricle, causes cessation of the boat of fresh turtle ventricle strips. The effect 
is not on the contractile process. The sensitivity of these strips of turtle ven- 
tricle to potassium decreases with time after excision. 

Calcium excess causes an increase in the amplitude of both auricular .and ven- 
tricular contractions. 

It is indicated that acetylcholine, piloc<arpinc, adrenalin, and ephedrine have 
their principal effects on the heart muscle only through the receptor substance 
which accompanies innervation. Adrenalin and ephedrine have a slight stimu- 
l.ating action on the aneuric myocardial tissue. Potassium and calcium appear 
to have a definite action directly on the myocardial cells lacking the receptor 
substance. 

AuTHorus. 

Leathern, J. H., and Drill, V. A.: The Effect of DIcthylstilbestrol on the Blood 

Pressure of Normal and Hypophysectomlzcd Eats. Am. .1. Physiol. 139: 37, 

1943. 

The daily injection of stilbestrol into normal rats produces a gradual rise in 
systolic blood pressure, reaching hj'pcrtcnsive levels in many cases. 

The systolic blood pressure of the untreated hypophysectomized rat decreased, 
on the average, 30 to 35 mm. below normal within ton days after hypophyscctomy. 
Eats hypophysectomized for seven months had a blood pressure stabilized at this 
low level. 

The injection of hypophysectomized rats with stilbestrol produced a fall in 
blood pressure below that of operated controls. 


AuTnor.s. 



Book Review 


Irrigacion Normal lel Nodulo de Keith y Flack, Tawara, Haz de His y sus 

Bamas: By Dr. Eduardo F. Lascano, El Ateneo, Buenos Aires, 1942, 97 pages, 

25 illustrations. 

Tliis monograph deals with the normal blood supply of the S-A node, the A-V 
node, and the His bundle and its branches. The coronary vessels were injected with 
gelatin, paraffin, or celloidin, with the addition of dyes or radiopaque substances. 
Dissection, roentgenograms, corrosion, and diaphanization were used. 

The S-A node receives its blood supply from one auricular artery only. This 
may be one of the anterior, lateral, or posterior auricular ascending branches of 
the right and left circumflex arteries. There are, therefore, six different possibilities. 
This artery is larger than the others, and gives origin to a pericaval ring. The 
artery of the S-A node starts from this ring and nms along the sulcus terrainalis. 

The main artery of both the A-Y node and the His bundle is the first posterior 
perforating artery, or the ramus septi fibrosi of Haas. It anastomoses with other 
vessels. 

The right branch of the His bundle receives blood from three different groups 
of vessels: 

1. An anastomotic plexus supplied by the ramus septi fibrosi, the ramus septi 
ventriculorum superior, the ramus cristae supraventricularis, and the first anterior 
perforating arteries. 

2. A second plexus supplied by the ramus limbi dextri, the plexus of 1, and, also, 
collateral branches of both the anterior and posterior perforating arteries. 

3. Nonspecified vessels of the myocardium. 

The left branch of the His bundle receives blood from three different groups 
of vessels: 

1. An anastomotic plexus supplied by terminal branches of the ramus septi fibrosi, 
the ramus cristae supraventricularis, the ramus limbi sinistri, and many other small 
arterioles. 

2. Other anterior and posterior perforating arteries. 

3. Nonspecific arteries of the extraseptal myocardium which anastomose freely 
n-ith each other. 

By means of various technical improvements, the author demonstrates that all 
arteries which supply blood to tlie node of Tawara, the His bundle, and the branches 
of the bundle anastomose with each other, as well as with nonspecific arteries of the 
myocardium. These arteries, therefore, should be considered onlj- as main arteries, 
and not as terminal vessels. 

Both the main arteries and the anastomoses run in the same direction as the 
excitation wave of the myocardium. 

The study is well presented, and will be of interest to many students of cardiologjA 
The photographs are remarkable. 

Aldo Luisada. 
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^ A central office is maintained for the coordination and distribution of important 
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films, lantern slides, and similar educational material concerned v,dth the recognition, 
prevention, or treatment of diseases of the heart, which are now the Ie.ading cause of 
death in the United States. TIic .A.meihl'an Heart .Journal is under the editorial 
supervision of the As:sociation. 

The Section for the Study of the Peripheral Circulation was organized in 1035 
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after election to the American Heart Association and pavinent of dues to that or- 
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tional activity and the support of important investigative work. 
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subscription to the American Heart Jouilnal (January-December) and annual 
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ORTHOSTATIC TACHYCARDIA AND ORTHOSTATIC 
HYPOTENSION: DEFECTS IN THE RETURN 

OF ih:nous blood to the hearts- 

Lieutenant Alexander R. MacLe.v:n', MC-Y(S), ■ ■ 

United States Naalvl Reseritd, 

• Lieutenant Colonel Edgar Y. Allen, jMC, 

Army of the United States, and 
Captain Thomas B. jMagath, MC-Y(S), 

United States Nayal RESER^^E 

I N A previous paper^ ‘ive demonstrated that failure of return of an 
adequate amount of venous blood to the heart is an essential factor in 
the sjTidromes of orthostatic hypotension and orthostatic tachycardia. 
AVhen patients suffering from the.se disorders blow against a column of 
mercuiy, thus increasing the intrathoracic pressuret (Flack test), the 
venous return fails to the extent that there are a marked decrease of the 
filling of the heart, decreased cardiac output, and subsequent failure of 
the peripheral pulse. We -were able to demonstrate that maintenance of 
the recumbent position potentiated defects of venous return in the erect 
state, and that the use of the “head-up” tilted bed frequently caused 
alleviation of both signs and symptoms. Tliis observation has been con- 
firmed recently liy the work of Corcoran, Broivning, and Page." Since 
this first report we have enlarged our study and have made additional 
observations. 

TECHNIQUE 

During the past two years, normal subjects and a large group of pa- 
tients who were suffering from a variety of disorders have been examined 
in a consistent, detailed manner ivith respect to standing and recumbent 
blood pressures, heart rates, and Flack tests. i\fiiltiple studies were done 

Received for publication March 30, 1943. 

♦The opinions and assertions contained herein are the private ones of tlie writers, 
and are not to be considered as official, or reffecting- the views of the Navy Depart- 
ment or the naval ser\‘ice at large. 

tThe lower lines in Figs. 1, 2, and 3 measure the pressure in the tube leading to the 
column of mercurj* against which tlie subject blows. Tlie data, therefore, do not 
actually indicate intrathoracic pressure, although they give a rough measure of it. 
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Oil oiK'h jiaticnl, ovoi- :i jioriod of sovoi-al days, and at vai-yjn<r liiiios. 
Heart rales ivliieh ivere normal in llic reeiimhent ])osition and wln'eli im- 
mediately increased to more than 120 heats per minute on the assumption 
of the erect posture iverc considered of sifruiticance only if they imme- 
diately reverted to normal ivhcn the recumhent position was resumed. 
Postural variations of blood ])re.ssurc were considered abnormal only 
when very lar"e, consistent reductions occurred when the erect jiosture 
was assumed, and when .such reductions were associated with syni])- 
toms or with eomjiensalory tachycardia and a jiositive Flack reaction, 

A positive I’lack reaction was consideied to be one in which, when 
the subject was erect, the radial pulse ilisapiieared within a period of 
ten seconds after the initiation of the blowing: and did not return as 
long- as the bhnving- could be maintained. Fi-equenfly, it was observed 
that there was a brief initial di.sappeai-ance of the radial pulse, but 
that the pulse returned vigorou.sly after a few seconds. Such a di.sap- 
pearance was not considered to be a positive reaction. Caution was 
used in describing as positive a blowing i-eaction which was not accom- 
panied or immediately followed by faintness, blurring of vision, and 
other sensations of imiiending syncope. Home women and asthenic men 
were not able to blow the column of mercury to the 40 nun. mark. For 
these persons a 60 mm. blow was used as the standard. Since palpation 
of the radial pulse was not con.sidered an entirely reliable index of 
peripheral pulsation, recordings of the pulse volume of the index finger 
were obtained by means of the finger plethysmograph thi’ough the 
medium of a i-ubber tambour, reflected light, and moving, sensitized 
paper. This method visualized the impre.ssions obtained through the 
palpating finger in a qualitative manner. Quantitative measurements 
could not be applied to the re.sults with our technique, and the re.sults 
cannot be con.sidered to he more accurate than impre.ssions gained 
through simple palpation. 

Crude as our attempts have been to measure the potential of venous 
return, it is apparent that gj-o.ss defeets in the return of venous blood 
to the heart can be appreciated by 1he.se simple method.s. 

CLAS.SIKICATIOX 

Group 1. JneonHisii-ni Orlhosfutic Failure of Venon.H Jieinrn. — Hul)- 
jeets in this ela.ssificafion may or may not demonstrate at any one time 
the classical signs and .sjanjitoms of failure of venous rctimi in the erect 
po.sture, namely, orthostatic weakne.ss, faintne.ss, and occasional .syncope, 
associated with oifhostatic hvj)otonsion or tachveardia. and an abnoi'inal 
Flack reaction. Both signs and .symptoms dlsapjjcar in the recumbent 
position. Hypotension, if present, i.s a.s.sociated usually with compensatory 
tachycardia. There may he only tachycardia in the erect jiostui-e, a.ssoci- 
ated occasionally' with a fall in bloofl jiressui-e or a diminution in pulse 
pressure. Both signs and symptoms are usually much wor.se in the moni- 
ing, after the patient first get.s out of bed, and quickly improve after the 
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subject continues to maintain the erect state. At times during the day an 
abnonnal Flack reaction may be the only indication that the patient has 
a potential defect of venous return. In this gronji of persons the failure 
of venous return is not as a rule as .severe as that encountered in Group 
2 , in which the failure is demonstrated consistently. Usually, no objec- 
tive evidence of organic dysfunction of the autonomic nervous system 
can be demonstrated. The circulatory failure encountered in this in- 
consistent group appears to be a.ssoeiated with undue shifts of blood 
volumes and extracellular fluid gi-avitating to the lower extremities. 
The increased heai-t rates. low Iflood pressures, and abnormal Flack 
reactions can be aboli.shed by the assumption of the recumbent position 
or by the application of tourniquets around the thighs. It has been our 
experience that the loss of volume of circulating blood through abdomi- 
nal pooling a])pears to lie a minor and relatively unimiiortant factor as 
compared with the loss related to the lower extremities. 

A normal man may exhibit, at times, tlie signs and symptoms of fail- 
ure of A'enous return. The margin between adequacy and incompetence 
is so narroAv that, when a man stands erect without moving, he hovers 
on the verge of circulatory collapse.^ Such failure may lie precipitated 
by a variety of factoi-s: cxpo.sure to heat, loss of blood, poor tone of 
striated muscle, psychic trauma, or the maintenance of a recumbent 
state for long periods. The effect of heat and the results of lo.ss of 
blood and fluid have been the subject of many inve.stigations. and it is 
not our purpose to review the venous return aspects of these disorders. 
Father, we should like to emphasixe the role of certain factors which 
appear to have been neglected. 

Prolonged recumbency: In normal man there are functional dis- 
turbances of venous i-eturn which seem related solely to failure of the 
circulation to adapt quickly to the erect po.sture after the subject has 
been recumbent for a prolonged period. It is an everyday hospital 
experience to witness the rapid heart rates and low blood pressures of 
patients who are allowed to stand for the fii'.st time after protracted 
rest in bed. It is apparent that these patients have lost a measure of 
postural vasculai" .stability, a loss which is expressed in their inability 
to stand without signs or .symptoms. This maladaptalion is functional, 
in that it is rever.sible. If such patient continues to .stand erect for 
longer and longer periods each day, vascular stability is regained. 
Through repeated exposures to gi'avitational pull, the body conditions 
itself to resist the effects of gravity entailed by the erect state. Any 
sudden increase of the resistance to venous return, such as is caused by 
the Flack te.st, may precipitate acute and sudden failure. 

Case 1. — An athlete, aged 17 yeai-s, was studied carefully in regard 
to heart rate, blood ]n-essuro, and Flack tests, for a week prior to an en- 
forced period of rest in bed. No vascular abnoianalities could be dis- 
covered. After four days of absolute i-es1 in bed, he .stood erect and the 
studies were repeated. No abnormal changes in heart rate and blood 
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pressure could be detected, but the Flack reaction was grossly abnormal. 
The pulse disappeared within the first few seconds of the blowing, and, 
at the expiration of the period, the subject developed .syncope (Figs. 
1 and 2), 

Pregnancy: Orthostatic hypoten.sive tendencies, orthostatic tachy- 
cardia, and positive Flack reaction are observed eommonlj' during and 
after pregnancy. The first three months of pregnancy are associated 
frequently with vomiting in the early part of the morning, and, in ad- 
dition, Avith the signs and .symjhoms of orthostatic failure of A'cnous 
return. There would ajipear to be a more than ca.sual relation between 
the vomiting and the failure of venous return. Both liaA'C postural 
features, show morning exacerbation, and fi'oquently undergo spontane- 
ous remission during tlie cour.se of the later months of pregnancy. After 
parturition, postural defects of venous i-eturn arc obseiTcd frequently 
during convalescence. 



EECUMBEKT NOBAAL , 


Fig. 1. — ^Recordings of volume of pul.se by means of the finger plethysmograph 
(upper lines) and intrathoraclc pres.surc (lower line.s) during the Flack test before 
a period of rest in bed (control). During this control period the .subject repeatedly 
did not exhibit any striking change in the radial or peripheral pulse while he was 
blowing In the recumbent and erect postures. 


Case 2. — A normal woman, aged 32 years, was studied in regard to 
potentials of venous return throughout pregnancy. During the first 
three months of pregnanej' she occasionally experienced nausea and 
A'omiting in the early part of the morning. These sjTuptoms occurred 
during the fir.st half hour after arising in the morning, and were asso- 
ciated invariablj' with orthostatic tachycardia; the pulse rate Auried 
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from 130 to 140 beats per minute. The Flack reaction was markedly 
positive. The heart rate and the Flack reaction immediately returned to 
normal in the recumbent state. From the fourth month to term, the 
gastrointestinal sjunptoms disappeared, no orthostatic vascular abnor- 
malities could be detected, and the Flack reaction was normal. After 
an uneventful labor, orthostatic vascular studies wei-e conducted during 
convalescence. When the patient first assumed the erect posture on the 
tenth dnj of convalescence, no abnormalities of heart rate or lilood pres- 
sure could be detected for the first four minutes. During this period the 
Flack test was tried; the patient attempted to blow the column of mer- 
cury to a height of 40 min. Her radial pulse disappeared during the 



Pig. 2. — ^Recordings of volume of pulse by means of the finger plethysmograph 
(upper lines) and intrathoracic pressure (lower lines) during^ the Flack test after 
a four-day period of absolute rest in bed. In the erect posture the radi.al and 
peripheral pulse disappeared during the first few seconds of the blow. The patient 
fainted at the expiration of the test. 


first few seconds of the blow, which she was able to maintain for only 
eight seconds before developing syncope. After repeated examinations 
it was discovered that, during the first forty-eight hours of being released 
from absolute rest in bed, orthostatic taciiycardia and marked changes 
of pulse pressure would develop at the end of a four-minute period of 
standing. The Flack reaction was consistent!}^ positive. These abnor- 
malities gradually disappeared during the following fourteen days. At 
any period, when tourniquets were placed around the patient's thighs in 
the recumbent state, after which she was allowed to stand, the heart rate, 
blood pressure, and Flack reactions were normal. Abdominal compres- 
sion did not have any effect on the failure of venous return (Fig. 3). 
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Psychic factors : It is well known that the autonomic nervous system 
plays a definite role in Ihe maintenance of arteriolar tone. Attention 
has been focused almo.st exclusively on the nervous influences on the 
arterial side of the vascular tree, and llu; role of the autonomic nervous 
sy.stem in the maintenance of capillary-venous lone has been neglected. 
The woi-k of Weiss, and others, ’ in regai-d to the venous elTccts of 
shock induced by the administi’ation of sodium niti-ite, and our own 
expci'ienee with the gi-oss defects of venous return after sympathec- 
tomy for essential hypertension called our attention to the fact that 
emotional circulatory distiiihanecs might be related to disorders of the 
autonomic regulation of capillary A'cnous return. Psychic .syncope 
(fainting) seems to l)e one siudi disorder, in that it is postural and that 
the cerebral iscluunia can be prevented by the recumbent state. 



Fig. Z . — Volume of puUe of a pregnant wonKin recoiled by ineann of the finger 
pIoUiyi=mograph (upper lines) and inirathonicic pre.*“*?*ure flov/er lineK) during the 
IHack tOKl with i?ubject in erect pohillon. Control j)eriod at the nlxth month or 
pregnancy'; h, on first standing erect on the tenth poKt-paitum day. The radial puh^ 
du?appeared and the pali^mt fainU^d after eight h'econds of increased Inlrathoracfe 
pressure. 

We have had the opportunity of measuring jjotentials of venous re- 
turn by the Flack te.st in a group of JOO normal .sub,ieets who were 
av.'aiting venipuncture. Pour sub.iecls, at the end of one minute of 
.standing, had heart rates of more than 120 beats per minute and posi- 
tive Flack reactions. Immediately lu'ior to venipuncture the taehy- 
eai-dia was orlho.stalie. Two sub,ieel.s who had noianal hear! rates and 
blood pressures also had po.sitive Flack reactions. During wmipunc- 
ture, which was done with the subject in tlie erect po.sture, tv/o ,sub- 
.ieets fainted; one who had ortho.stalie tachycardia and a positive 
Flack reaction, and one who had no tachycardia but a definite Flack 
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reaction. The remainder of the group did not have any niitoivard 
symptoms. The two patients Avho fainted recovered consciousness 
immediately on being placed in the recumbent position, but suffered 
repeated, partial, syncopal seizures Avhen they attempted to rise during 
the first five minutes after the faint. One hour later, the standing 
heart rates fell Avithin normal limits, but the Flack reaction remained 
positive during a period of forty-eight hours of obsei’Amtion. ObAd- 
ously, graAoty plaj^ed a major role in the syncopal attacks of these tAvo 
subjects, AAdiich Avere precipitated by a ps5"ehic stimulus. 

Constitutional inferiority of venous return : Many patients aa'Iio have 
defects of A^enous return fall into this classification. Frequently they 
are said to haAm neuroeirculatory asthenia. Recognition of the essen- 
tial nature of the disorder is uncommon. The signs and symptoms ai‘e 
orthostatic, and are characteristic of ortho.static failure of return of 
adequate amounts of venous blood to the heart. Frequentlj’- the sub- 
jects are tall, thin, and asthenic, or have suffered protracted loss of 
Aveight. The history is commonly that of exhaustion, Aveakness, faint- 
ness, and, occasionally, syncope in the erect posture, AAdtli relief in the 
recumbent position. Such patients are more likety than “normal” 
men and AA'omen to suffer debilities after long rest in bed or dehydra- 
tion from heat, or subsequent to the use of alcohol or cathartics; the 
loss of tone of striated muscle results from lack of exercise, or from 
the psychic ti'aumas of life. Orthostatic tachycardia and hypotension 
usually Avill be found only if such a person is examined Avhen he is 
liaAdng symptoms. Blood pressures and heart rates must be taken in 
the erect posture and comiiared Avith those in the recumbent position. 
If the abnormalities are significant, and if the patient ha;s a positive 
standing Flack reaction, deficiency of A*enous return is present. 

Such patients frequently haA'e psychoneuroses of varjdng degree. 
Anxiety states, associated Avith hyperventilation syndromes, are com- 
mon. It has been suggested that the trigger Avhich sets off such at- 
tacks of OAmrbreathing may be traced frequently to a shift in the 
Amlume of circulating -blood that is directly referable to defects of 
A'enous return. The anxiety experienced liy these persons and the 
inability of their physicians to understand and explain their difficulties 
to them in a plausible manner result frequently in the establishment 
of a vicious circle of symptoms. It is often very difficult to ascertain 
Avhether p.syehoneurosis is the primary difficulty and the defect of 
venous return is the result of secondary inactivity and rest in bed, or 
A\'hether the defect of venous return has resulted in psychoneurotic 
manifestations. 

Remote disturbances of function, Avith venous return components: 
Abnormalities of potential of venous return can be measured by stand- 
ing heart rates, blood iiressures, and Flack tests in a variety of .syn- 
dromes not u.sually associated Avith venous components. 
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Caloric and rotational stimulation of the vestibules of normal per- 
sons, vai'ieties of seasickness and airsickness, the symptoms of which 
are postural, undue exposure to heat, abnormal loss of body fluid, and 
primary shock, Avith its nervous basis of pain and psychic factors, may 
lu’ing out defects of venous return of A'arying degree Avhieh frequently 
play major 7'oles iti the total functional disability. In these conditions, 
the assumption of the erect posture tnay precipitate failure of venous 
I'cturn Avhieh is masked by the recumbent state. 

Defects of venous retui'n associated Avitli organic disease : Poor mech- 
anisms of A'cnous retuim ai'c associated frequently Avith debilitating 
diseases and Avith the conA'ale.sccnee of patients Avho haAm been bed- 
ridden for prolonged periods. In mo.st in.stanees the inconsistent na- 
ture of the orthostatic signs and .symptoms suggests physiologic dis- 
turbances of a transienf, and secondary character Avhich may include 
loss of tone of .striated muscle of the loAver extremities, changes of 
Avater balance, abnormal shifts of extraccllulai' fluid, and other, little 
understood, .secondaiy results of debility. On the other hand, some 
disease entities may be associated from the onset Avith scA-ere, constant 
defects of venous return, usually accompanied by objective evidence 
of disorders of the autonomic neiwous system Avhich .suggest a primary 
relation betAveen the disease and the ortho.slatic defect of A'enous re- 
turn. Examples of this latter group Avill be included in Group 2, 

It is of interest that the presence of severe hypertemsion is compat- 
ible Avith abnormalities of venous I’cturn. Occasionally, large reduc- 
tions of blood pressure, of more than 100 mm.Hg, are obserA'^ed Avhen 
a patient aa'Iio has hypei-f ension first stands erect after a period of rest 
in bed. Such changes of blood pressure are, as a rule, transient, last- 
ing only a feAv seconds, but during this period the Flack reaction may 
be markedly positive, and returns to normal only Avhen previous levels 
of blood pressin-e are established. Such tran.sient reductions of blood 
pressure may explain the frequency of periods of unconsciousness 
Avhicli occur immediatel3' after patients arise from bed, or Avhen intra- 
thoraeic pressure is inei-eased In-^ sti’aining at stool. A fcAv seconds of 
diminished cardiac output in the prescjice of arterial hjqAertension may 
proA'oke gro.ss vascular insults, resulting in ischemic .syncope, cerebral 
thrombosis, or ischemic myocai’dial damage. 

In summaiy, many syndromes present transient, ineonsi.stent abnor- 
malities of venous return, AAuth remi.ssions and exacerbations which 
cannot be controlled or foreseen adequatel3^ It has been our experi- 
ence that inAmstigation of such cases in regard to eausatiAm factors, 
contributing disabilities, and the results of treatment cannot be con- 
ducted in a satisfactory manner, although insight maj^ be gained into 
the nature of the dlsabilitjL It is onlj"^ AA-^hen the A-enous return con- 
sistently fads in the erect po.sture that objecthm studies of an experi- 
mental nature may be conducted Avith profit. 
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Group 2, Consistent .Orthostatic Failure of Venous Return. — Subjects 
in. this classification consistently have severe orthostatic hypotension. 
Objective e\adences of disorders of the autonomic nervous system are 
common : loss of sweating over large areas of the body surface, asso- 
ciated Avith intolerance to heat, frequent absence of compensatory re- 
fiex tachycardia, and impotence. Symptoms related to the deficit of 
venous return result from the erect posture only, and are relieved by 
recumbency or by remoAung the legs from the general circulation by 
means of tourniquets. The Plaek reaction is iiiAmriably posithm and 
dramatic, and frequently a deep iirspiration Avill cause the peripheral 
pulse to disappear. The signs and symjjtoms sIioav classical exacerba- 
tion in the morning, AA'^hieh is related to rest in bed. Remissions are 
rare. 

In our experience the syndrome has affected patients avIio are suf- 
fering from tabes dorsalis, diabetic neuritis, the combined sclerosis of 
pernicious anemia, exophthalmic goiter, diabetes insipidus, dissemi- 
nated sclerosis, hypopituitarism Avith chromophobe adenoma, and sprue. 
To this group belong those patients avIio suffer from idiopathic ortho- 
static hypotension for Avhieh no causative disease entitj'’ can be estab- 
lished. In addition, Ave believe that patients Avho have undergone ex- 
tenshm sympathectomy for hypertension may be classified as having 
a consistent ortliostatie defect of venous return for a variable period 
after operation. 

It is among this group of patients Avho have a consistent disorder 
that objective studies can be made Avhicli give insight into the Avhole 
problem of venous return. The results of such studies can be applied 
AAdth adAmntage to normal subjects under vascular investigation and 
to patients AA^ho have inconsistent defects of venous return. 

Such studies require careful controls, for Avide variations of blood 
pressure, heart rate, and symptoms may occur. Defects of venous 
return in the erect posture are increased iiiAmriably by rest in bed, 
and, eonv'ersely, are improA’-ed after the patient has maintained the 
erect posture for a number of hours. The blood Amlume is also influ- 
enced bj' the maintenance of a fixed position of the body, and the 
hematocrit value may change. The external temperature, the hydra- 
tion of the body, and the interAmls betAveen feedings should be constant 
if accurate determinations are to be made. 

We are presenting a clinical study of observations under such con- 
trolled conditions on tAVO patients AAdio had marked, consistent defects 
of Amnous return, demonstrating the effect of a postural state on the 
potential of Amnous return and on the circulating blood volume, and 
also suggestive indications that an increased intake of sodium chloride 
may aid in the maintenance of postural vascular stability. 

Both patients had disorders of the autonomic 2 iervoiis system, in 
that there Avere absence of SAveating and intolerance to heat. Both had 
relative hypochromic anemia, and their disorder of Amnous return AA’as 
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()i‘. iojiy: Kljindiii*^-. Iloll) I'pspoiirlcd dnimaf ically and consi.sfently to a 
regiiiion of the “head-nj)” bed and increased intake of .salt, and this 
inipi-ovenient ^vas r(!versil)]e at the will of the examiner. Jn neither 
case do Ave snp:(?esl that we Inn-e e.sfabli.slied a cure. The treatment 
has been symptomatic. 

Case 3. — A farmer, aged 57 years, was seen fir.st at the ifayo Clinic 
on Aug, 10, 1940. complaining of ccsihaustion, faintness, blurring of 
vision, and occasional syncope. These symptoms had been present 
since 1933, and had ))rogi-cssed to the point that he was unable to do 
his farm work. Syncoj)al attacks Averc precipitated by sudden change 
of po.sture and by liftiiig lieaA’y objects. He had received several inlra- 
mus(;ular inject ioiis of liver extract for his anemia, Avithout benefit. 
On being questioned, the j)atient .stated that his .s.vnnptoms Avere alAA'ays 
much AA'orse in the morning, and that he improA'cd progre.s.siA'cly as the 
day adA'aneed. 

Ceneral physical examination dirl not reveal any abnormalities perti- 
nent to his complaints. Avith the exception of mild hypochromic anemia, 
AA'hicli Avas confirmed by examination of a blood smear. The concen- 
tration of hemoglobin Avas 12 Gm, per 100 e.c, of blood; the eiythro- 
cytes numbered 4,580.000, and the leucocj’tes, 5,000, in each cubic milli- 
meter of blood, Fi'ee hydi'ochloric acid Avas obtained on analysis of 
ga.sti-ic contents. The tloeeulation reaction for .syphilis and roentgeno- 
gi'ams of the ehe.st and gastrointe.stinal tract Avere normal, Xo cau.se 
for the hypochromic anemia could be discovered. Po.stural A'ascular 
studies AA'cre found to giA'e abnormal result.s, and the patient Avas ho.s- 
pitalized for detailed investigation, lle.st in bed AAms alloAved only 
during a period of nine hours at night. An ordinary diet, A\'ith 1,500 
c.e. of fluid in twenty-four hour.s, AA-as given. 

Spontaneous variations of po.stural A'ascular adaptation: During a 
period of three days, observations on po.stural blood pre.ssure and heaii 
rate aa'ci'c conducted at various times during the day, and a definite 
variation of objectiA'e findings AA'as found to coincide AA'ith alterations 
of .symptoms. If the study Avas made before the patient had arisen in 
the morning, a marked defect of A'cnous return A’/as A'ery apparent. 
When the patient Avas recumbent, his blood pre.ssure Avas 130/80, and 
his heart rate, 84, When he had been erect for one minute his .sy.stolic 
blood pressure had decreased to 50 mm.Hg, his diastolic blood pre.s- 
.siire could not be mea.sured, and his heart rate had increa.sed to 126, 
After three minutes in the erect jjosition neither his blood pre.s.sure nor 
his heart rate could be measui’ed and he AA'as retching and seraicon.scious. 

The Flack test, conducted Avith the patient erect, gaA'e markedly 
posith'e re.sults. On three .separate occasions the patient became pul.se- 
ie.ss and fell to the floor unconscious Avithin ten seconds of initiating 
an attempt to bloAv the column of mercury to a height of 30 nirn. On 
one occasion convulsiA'c tAA'itehings occurred momentarily during the 
brief period of uncon.sciou.sne.s.s. If tourniquets AA'ere applied around 
the upper part of the thigh and con.strictcd above the arterial blood 
pre.s.sure, and then the patient Avas alloAved to .stand erect, no fall in 
blood pre.ssure occurred AA'ithin a three-minute period, and the Flack 
reaction Avas normal. 

If vascular .studies Avere conducted in the afterjioon, after the pa- 
tient had been up and about, a definite change of po.stural va.scular 
stability Avas CA’ident. When he AA'as recumbent, his Mood pre.ssure 
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averaged 142/72, and liis Iieart rale, 62. "When lie had lieeii erect for 
one minute, his blood pressure -ivas 90/80. and his heart rate, 104. 
After three minutes in the erect position his blood iiressure was 80/60, 
and his heart rate, 110. After ten .seconds of standing running, his 
blood pressure was 66/38, and his heart rate, 110. During these periods 
the Flack reaction was po.sitive. The patient would become pulseless 
when he tried to blow the column of mercury to a height of 30 mm., 
but would net develop syncope. 

Sweating defects indicative of dy.sfunction of the autonomic nervous 
system were demonstrated over large areas of the trunk and lower 
extremities. The patient exhibited intolerance to heat. When he was 
placed in a hip bath in a sitting posture with the water at 108° F., the 
blood pressure fell within five minutes from 110/70 to 60/40. In twenty 
minutes the pulse and blood pre.ssure were imperceptible, and the pa- 
tient lapsed into sjuicope when taken from the bath. The blood pres- 
sure remained Ioav for an hour, during which time the patient was un- 
able to stand for longer than a minute without developing syncope. 



Pip 4 The “head-up” hod. The casters of the bed are removed and the posts 

of the' head of the bed are placed on ordinarj^ kitchen chairs, IG to IS inches (40 to 
45 cm ■) hiah A hard pillow is placed under the mattress at the level of the thighs 
to prevent slipping. The head of the patient is elevated and the legs are dependent. 

Effect of the “head-up” bed: The patient was then placed on a bed 
(Fig. 4). the head of which was elevated on two chairs to the height 
of approximately 16 inches (40 cm.). A pillow was placed under the 
mattress at the level of the thighs to prevent slipping. No other fea- 
tures of his care were altered. TTis fluid intake remained constant, and 
his period in bed was maintained at nine hours during the night. Strik- 
ing improvement in the .standing heart rate and blood iire-ssure, and les- 
sening of symptoms occurred within forty-eight hours. The following 
observations were conducted before the patient arose in the morning. 
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When he Avas rccimbent, his blood pressure was 140/90, and his pulse 
rate, 74. After one minute in the ereet position his blood pressure Avas 
90/70, and his pulse rate, 118. After three minutes in the erect position 
his blood pre.s.sure and pulse rate Avere the same as after one minute. 
After tiAm minutes his blood pressure Avas 90/72, and his pulse rate, 
116. After ten minutes his blood pressure AA’as 80/60, and his pulse 
rate, 114. 

Effect of the “head-up” bed and increased intake of salt: The day 
after the foregoinj? obseiwations, the patient, besides .sleeping in the 
“head-up” bed at night, Avas giA’cu 12 G'm, of salt daily in addition to 
his diet, and his Avaler intake Avas increased to 2,000 c.c. The next 
morning there was a distinct improvement in e.xce.ss of that AA’hich oc- 
curred Avhen he Avas u.sing the “head-up” bed alone. This improA-e- 
ment Avas maintained for tAvo days. The patient did not have any 
orthostatic symptoms during this forty-eight hour period, for Avhich 
the average morning determinations Averc as folloAvs: When he Avas 
recumbent, his blood i)ressurc AV’as 134/80, and his pulse rate, 72. After 
one minute in the ereet position his blood pi’cssure AA-as 100/70, and 
his pulse rate, 80. After five ininutcs his blood pressure Avas 105/70, 
and his pulse rate, 86. After ten minutes his blood pressure AAms 100/72, 
and his pulse rate, 90. After fifteen minutes his blood pres-sure Avas 
98/70, and his pulse rate, 104. 

Effect of a flat bed Avith increased intake of salt: The intake of salt 
AA'as maintained at 12 Gm. extra, daily, but the patient Avas alloAved to 
sleep on a flat bed during a nine-hour period at night. The folloAving 
morning thei-e Avas a distinct change in both signs and symptoms Avhen 
the patient first rose. When he Avas rceiimbent, his blood pressure Avas 
130/70, and his pulse rate, 68. After one minute in the erect po.sitioii 
his blood pressure Avas 6-5/55, and his pulse rate, 100. After three 
minutes his blood pressure Avas 80/60, and his pulse rate, 106. After 
five minutes his blood pressure Avas 60/40, his pulse rate Avas 114, and 
he felt faint. 

When the patient Avas maintained on this regimen for tAvo days there 
A\ms no further significant change. The patient I’emained somcAAdiat 
better AAUth the increased intake of salt and the flat bed, but the im- 
proA'cment Avas nol nearly as marked as on the combined regimen of 
increased intake of salt and the “head-up” bed. 

Flat bed and normal intake of salt: The extra intake of salt Avas 
discontinued and the patient slept on a flat bed. Within forty-eight 
hours there Avas an increase in the .signs and symptoms of failure of 
venous return, as indicated by the following .studies, AA-hich Avere con- 
ducted before the patient arose from bed in the morning. When he 
AA'as recumbent, his blood pre.ssure aauis 138/80. and his pulse rate, 68. 
After one minute in the erect position, his sy.stolic blood pressure aaus 
50 mm. Hg, his diastolic blood pressure could not be measured, and his 
pulse rate Avas 126. After three minutes his blood pressure aa'us not 
obtained; his pulse rate Avas 134. After fiA^e minutes his blood pres- 
sure Avas 58/50, and his pulse I'ate, 140; .syncope occurred after this 
last reading. 

The patient Avas then placed on a combined i-egimen of increased 
intake of salt of 6 Gm. daily in diA’ided doses, and, in addition, the 
“head-up” bed at night. Within tAA'ch-e hours there Avas again a 
dramatic improAmment, The blood pressure approached normal limits 
in the erect posture and remained so. One month after dismi.ssal the 
patient Avas requested bj’^ letter to tr 3 '^ sleeping again on a flat bed. 
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and lie reported that in twelve hours there was a return of all his 
symptoms. A letter received six months after his return home on a 
regimen of the “head-up” bed and increased intake of sodium chloride 
follows. 

“Since returning home I have felt fine all the time with the excep- 
tion of the first week. I have been able to do all the chores all the 
time and get along nicely prowded I do not lift too hard or hurry too 
much. I feel reasonablj'- sure that the ‘head-up’ bed has done wonders 
for me. I have gained 20 pounds [9.1 kg.], 10 pounds [4.5 kg.] more 
than I ever weighed in all my life.” It seems probable that the in- 
creased intake of salt Avas also a factor in his gain of weight. 

Comment on Case 3 : Under controlled conditions this patient shoAved 
the effect of a preceding postural state on the heart rate, blood pres- 
sure, and symptoms. 'With the use of the “head-uii” bed at night, 
on a regimen of increased intake of sodium chloride, striking, rever- 
sible improvement occurred repeatedljL The increased intake of so- 
dium chloride AA'as not of much practical avail as long as the patient 
slept on a flat bed. The “head-up” bed at night increased postural 
Amscular stability to a definite degree, but the improvement Avas not 
as marked as Avith the combined use of the “head-up” bed and salt. 
On this regimen the patient shoAved improA’-ement AAfiiieh Avas main- 
tained consistently for six months. The treatment Avas symptomatic. 
No organic cause could be discovered to account for the defect of 
venous return, aside from the dysfunction of the autonomic nervous 
system, as demonstrated by the defects of sAA^eating. 

Case 4. — A department store serviceman, aged 35 .years, AA^as seen first 
at the clinic in June, 1941, complaining of progressive fatigue, inability 
to concentrate, decreased ability to Avork, and decreased libido, since 
1935. In 1938 he had noted frecpient headaches in the early morning, 
Avhich AA'ere relieA^ed b.A’ salic.A'Iatcs. The ]3aticnt had experienced fre- 
quent attacks of faintness since the age of 16 years, associated AAnth AA’eak- 
ness and blurred Ausion, and relieved on the assumption of the recumbent 
position. These attacks had increased hi frequency in the preceding 
year and Avere associated occasioiiall.A'' Avith momentary unconsciousness. 

Ceneral physical examination rcA^ealed a man aa'Iiosc physical appear- 
ance suggested that he Avas suffering from hypopituitarism. He Avas of 
asthenic build, AAutli soft, finefy AATinkled skin. His face AA'as pale and 
the groAA'th of his beard A\-as scanty. GroAA’th of axillary and pubic hair 
AA'as normal. The concentration of hemoglobin AA'as 11.6 Gm. per 100 e.c. 
of blood; the erAThrocAhes numbered 4,210,000, and the leucocytes, 
11,100, in each cubic millimeter of blood. Urinalysis, flocculation tests 
for syphilis, and roentgenograms of the chest, kidne.vs, ureters and blad- 
der, and gallbladder gave normal results. The fasting concentration of 
sugar AA'as 87 mg. in 100 c.c. of blood, and the basal metabolic rate AA’as 
-5 per cent. A roentgenogram of the head reA'ealed a Grade 2 enlarge- 
ment of tlie sella turcica. There AA’as a suggestion of erosion of the floor 
and posterior clinoid processes. A detailed examination of the eyes 
revealed 6/6 Ausion bilaterally. The fiuidi were negative. The optic 
disl?s were outlined clearly and of good color. Examination of the A’isual 
fields on the perimeter and tangent screen revealed a bitemporal depres- 
sion Avhich could be demonstrated onl.A' AA'ith the 1/1,000 bead. Neuro- 



158 


AJtERICAN lUCAKT JOUJLVAE 


logic examination gave cssenlially negative results in the motor, sensory, 
•and reflex fields. 

A diagnosis of jntiiitary tumor, probably ebromo])bobe adenoma, was 
made. I3ec'ause of the minimal ocular changes, Ibe protracted history, 
and the limited progression of .symptoms, a course of roentgen therapy 
was advised, followed by a del ailed rc-examination several months later 
1o ascertain whether any ]n’ogi‘e.s.sion Avas evident. 

The patient returned in A,ugu.st, after two courses of roentgen treat- 
ment had been given to the liead. He had lost much ground in the 
intej’im, was much weaker and unable to work. Tlie .symjdoms of ex- 
haustion Avere A'ery seA'ere in the morning hours, and .syncope Avas fre- 
quent. The concentration of hemoglobin Avas 10.6 Gm. per 100 c.c. ; the 
erythrocytes UAunbered 3 , 540,000 in each cubic millimeter of blood. The 
basal metabolic rate Avas -8 ])er cent. Koentgenograms of the head and 
examination of the visual fields did not reveal any changes. It Avas 
CAudent on this examination that the patient’s .symptoms AA'ere out of all 
propoi-tion to the physical signs, and because of the prominence of 
syncopal attacks, controlled studies AA'ere made of the heart rate and 
blood pressure. Orthostatic tachycardia and hypotension AA-ere CAudent 
and dramatic. 

Each of the folloAving studies AA’as made undei' identical conditions, in 
the morning before the patient arose after nine hours of rest in bed. The 
patient reeeiAmd a standard diet and a controlled intake of AA'ater. The 
observations Avere made before brcakfa.st. He Avas out of bod and active 
during the day. The average Amines obtained during a control .study, 
lasting three days, A\'cro as folloAA's: Wlien the patient Avas recumbent, 
his blood pre.ssure A\'as 100 / 62 , and his pulse rate, 92 . After one minute 
in the erect position his blood ])re.ssurc A\'as 80 / 60 , and his pulse rate, 156 . 
After five minutes neither his blood pre.ssure nor his pulse rate could be 
obtained, and he fainted. The Flack reaction Avas repeatedly posith'e. 
When performing the standing 30 mm. bloAV, the patient became pulse- 
less and developed SAuicope Avithin a ten-second period. In the recumbent 
.state the patient could maintain the mereux’y at the 40 mm. mark for 
ten seconds Avithout symptoms. 

Orthostatic studies Avitli the legs remoA'cd from the genei'al circulation; 
With the_ patient x’ceumbent, blood pre.ssure cuffs AA'ere placed high up 
on the thigh of each leg and inflated to a pre.s.sure of 220 mm. Hg. The 
patient aaus then alloAA’od to stand erect. AYIicn he AA'as I’ccumbent, his 
blood pressui;e Avas 98 / 60 , and his heart rate, 86 . After one minute in 
the erect position his blood pro.s.surc aaus 90 / 76 , and his heart rate, 100 . 
After fiA'e minutes his blood pre.ssure Avas 96 / 80 , and his heart rate, 100 . 

The cuffs AAmre then released. Immediately the systolic blood pressure 
decreased to 50 mm. Hg, the diastolic pre.ssure could not be measured, 
and, AAnthin thirty seconds, the patient fell unconscious. During the 
period of inflation of the cuffs, the patient aaus able to maintain the mer- 
ciiry at the 40 mm. mark AA’hile performing the Flack te.st standing, 
Avith no symptoms. 

The effects of paredrinol sulfate and ejxhedrine sulfate by mouth ; After 
the oral administration of 40 mg. of paredrinol sulfate (a-N-dimethyl- 
2>-hydroxyphenethylamine .sulfate), measurements of the blood pressure 
AAmre made CA'cry fifteen juinutes for an hour, and then eA'ery half hour 
for another hour. No distinct changes Avere noted. One and a half 
hours after he took the drug, the folioAAung studies Avere made. When 
the patient Avas recumbent, his blood pressure Avas 94 / 64 , and his heart 
rate, 80 . After one minute in the erect position his blood pre.ssure AAms 
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68/54, and his heart rate, 132. After three minutes his blood pressure 
Avas 56/46, and his heart rate, 136. 

^ TAventy-fiA^e minutes after the oral administration of grain (0.05 
Gm.) of ephedrine sulfate, the following record AAms obtained. When 
the patient^Avas recumbent, his blood pressure Avas 100/64. and his 
heart rate, 72. After one minute in the erect position his blood pi-es- 
sure AA"as 76/58, and his heart rate, 96. After tiA'e minutes his blood 
pressure AA^as 82/58, and his heart rate, 124. After scA'cn minutes his 
blood pressure Avas 86/62, and his heart rate, 116. After ten minutes 
his blood pressure AA'as 84/58, and his heart rate, 120. 

This A^ery definite improA'ement lasted for tAs^o hours, and the patieiit 
AA'as able to stand quite Avell for periods of ten minutes Avithout the 
signs or symptoms of impending syncope. The patient then rcA^erted 
to his preAHOus state. Additional studies after the oral administration 
of 0.75 Gm. of guanidine sulfate and the subcutaneous injection of 
prostigmine sulfate did not sIioaa- any significant change in postural 
vascular stability. 

Etfect of the "head-up” bed: The head of the bed on AA'hich the 
patient slept at night Avas elcA^ated to a height of 16 inches (40 cm.). 
No other factor in his management Avas changed. Studies of the blood 
pressure and heart rate Avere conducted at the same time as on prcAdous 
occasions, before the patient rose in the moiuing. A A'ery distinct 
change became eAudent overnight. On the first day, Avhen the patient 
Avas recumbent, his blood pi'essure Avas 100/64, and his heart rate, 84. 
After one minute in the erect position his blood pressure Avas 92/64, 
and his heart rate, 108. After five minutes his blood pressure Avas 
92/68, and his heart rate, 116. After ten minutes his blood pressure 
Avas 84/66, and his heart rate, 128. After eleA'en minutes his blood 
pressure Avas 64/50, his heart rate Avas 112, and he aaus experiencing 
the prodromal symptoms of syncope. 

On the second day, Avhen the patient Avas recumbent his blood pres- 
sure Avas 102/70, and his heart rate, 62. After one minute in the erect 
position his blood pressure Avas 84/70. and his heart rate, 88. After 
fiAm minutes his blood pressure Avas 88/68, and his heart rate, 94. After 
ten minutes his blood pressure Avas 80/68. and his heart rate, 108. 
After fifteen minutes his blood pressure Avas 74/64, and his heart 
rate, 120. 

On the third day, Avhen the patient Avas recumbent his blood pressure 
Avas 104/64, and his heart rate, 68. After one minute in the erect 
position his blood pressure Avas 84/64, and his heart rate, 88. After 
five minutes his blood pressure Avas 84/70, and his heart rate, 106. 
After ten minutes his blood pressure Avas 82/68, and his heart rate, 96. 
After fifteen minutes his blood pressure Avas 84/66, and his heart rate, 
106. After tAA^enty minutes his blood pressure aaus 86/66, and his heart 
rate, 104. After tAventy-five minutes his blood pressure Avas 62/48, his 
heart rate aa^ts 120, and he Avas feeling faint. 

During the third and fourth days the patient had very little feeling 
of exhaustion, and stated that he felt better than at any time in the 
previous five years. 

Effect after sleeping on a flat bed: To ascertain Avhether or not the 
improvement had been a mere coincidence, the patient Avas again placed 
on a flat bed at night. Nothing else Avas changed in his management. 
The folloAAung morning the patient had reverted to the same state as 
before treatment Avas initiated. AWien he was recumbent, his blood 
pressure Avas 94/74, and his heart rate, 82. After one minute in the 
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erect position his blood pressure wns 74/64, and his heart rate, 120. 
After three minutes his systolic blood pressure was 50 mm. ITg, his 
diastolic blood pressure could not bo measured, his heart rate was 150, 
and ho fainted. 

Effect of “head'Up” bed and increased inlake of salt: The patient 
then slept on the “head-up” bed at night and was given 0 Gm. of salt 
daily in addition to his diet. Within twenty-four hours he could stand 
erect for twenty minutes without syncope. When he was recumbent, 
his blood pres.su’re was 110/68, .and his heart rale, 82. After one minute 
in the erect position his blood pressure was 110/62, and his heart rate, 
102. After five minutes his blood pressui’e was 98/66, and his heart 
rate, 112. After fifteen minutes his blood pre.ssure was 88/64, and his 
heart rate, 112. After twenty minutes his blood pre.ssure was 80/60, 
and his heart rate, 120. After tAventy-five minutes his blood pressure 
was 60/30, his heart rate Avas 124, and he felt faint. 

Effect of increased intake of salt and administration of dcsoxycortic- 
osterone acetate, with the patient sleeping in a horizontal position: 
Immediately after the fo?-egoing .study, the inerea.sed intake of .salt 
Avas maintained, but the patient Avas alloAvcd to sleep on a fiat bed at 
night. In addition, intramuscular injections of 5 mg. of desoxycorlicos- 
terone acetate AA^ere giA^en daily. As a result of the ce.s.salion of sleep- 
ing in the “head-up” bod, in spite of the foregoing measui’e.s, a distinct 
change aa'os noted the folloAving morning. When the ])atient Av-^as re- 
cumbent, his blood pressure aa'rs 110/64, and his heart rate, 86. After 
one minute in the erect position his blood pre.s.surc Avas 86/68, and his 
heart rate, 116. After five minutes his blood pressure Avas 84/58, and 
his heart rate, 130, After nine minutes his blood pre.ssure Avas 64/50, 
his heart rate Avas 120, and he felt very faint. 

On the third day the increased intake of salt and the injections of 
desox.yeortieo.sterone acetate Avere continued. The patient continued to 
.sleep on a fiat bed . On this day an oral temperature of 101° F. de- 
A^eloped. When the patient aaus recumbent, his blood pressure Avas 
112/62, and his heart rate. 88. After one minute in the erect position 
his blood pre.ssure Avas 98/78, and his heart i-ate, 120. After three 
minutes his blood pi-e.ssui’e was 65/38. his heart rate Avas 124, and he 
fainted. 

On the fourth day the patient’s lempiuvature Avas noianal. lie ap- 
peared to have an infection of the upper part of the respiratory tract. 
Vascular stability Avas poor in .spite of an apparent increase of blood 
Amlume and extracellular fluid. (This Avill be discussed later.) When 
he AA^as recumbent, his blood pre.ssure aauis 112/74, and his heart rate, 
72. After one minute in the erect position his blood pre.ssure aauis 
88/58, and his heart rate, 102. After five minutes his blood pre.s.surc 
Avas 80/58, and his heart rate. 112. Aftei’ .six minutes his blood pres- 
sure Avas 45/24, his heart rate Avas 100, and he fainted. 

Because of the patient’s cough and feeling of malaise the study Avas 
terminated. Therefore, no definite conelu.sions Avere ijo.ssible in regard 
to the effects of increased intake of salt and the administration of 
desoxycortieosterone acetate, although the indications Avere that they 
had very little effect on postural va.scular stability. The patient Avas 
dismissed Avith instructions to take 6 Gm. extra of salt daily, and to 
sleep in a “head-up” bed. He aa'os told to return for further iiwestiga- 
tion in three months. At the end of this lime he had reported by letter 
that he had returned to Avork and Avas feeling better than he had felt 
in ten years. Furthei’ studies haAm been impossible. 



JIAG LEAN ET AL. : ORTHOSTATIC DEFECTS OF VENOUS RETURN 161 


COMiSIENT ON A STUDY OF TWO CASES 

Tlie foregoing’ clinical observations on tliese two patients and our 
prewous studies of the swidromes of orthostatic hypotension and tachy- 
cardia associated with organic disease demonstrate several important 
principles : 

1. Orthostatic hypotension and tachycardia are, in a secondary sense, 
disorders of venous return. The defect of venous return becomes evi- 
dent in a very short time after the erect posture is attained, and, con- 
versely, adequate circulation and a normal heart rate and blood pressure 
immediately follow the resumption of the recumbent position. 

2. The site of this disorder ap])ears to be the capillary-venous bed of 
the loAver extremities, for the orthostatic symptoms and signs and posi- 
tive Flack reactions are abolished when the lower extremities are sepa- 
rated from the general circulation by cuffs inflated about the thighs. 

3. The circulatory defect caused by inadequate venous return in the 
erect state is either a direct result of pooling of abnormal quantities 
of blood in the lower extremities, or a result of a veiy rapid transu- 
dation of circulating fluid into the tissues of the lower extremities. 
The rapidity of the onset of the deficiency when the upright position is 
assumed, and the instantaneous recovery in the recumbent state sug- 
gest strongly that the defect is the result of pooling of blood in the 
capillary-venous bed itself. 

4. It is apparent from our studies that the variations of potential of 
venous return occur in normal subjects and in patients who are suffer- 
ing from a variety of disorders. A persistently maintained recumbent 
state enhances defects of venous return when the erect posture is as- 
sumed again. A persistently maintained, erect or semierect posture 
definitely lessens orthostatic changes in pulse rate and blood pressure, 
and increases postural vascular stability. This improvement in vascular 
adaptation depends on physiologic factors which are little understood. 

5. It would appear that part of the postural vascular adaptation 
depends on physical mechanisms which are related to shifts of extra- 
cellular fluid and changes of blood volume. 

Maintenance of the erect or semierect position favors the accumula- 
tion of additional extracellular fluid in the legs. We have observed 
frequentlj*- among patients who have been treated on the “head-up” 
bed that the appearance of early edema of the lower extremities coin- 
cides with lessening of the orthostatic signs and s\miptoms. This 
edema quickly disappears as the patients become more active. Such an 
increase of extravascular fluid might Avell act as a splint of the capil- 
lary-venous bed of the lower extremities, and prevent excess pooling 
of blood in the erect state. 

Maintenance of the erect or semierect iiosition favors the accumula- 
tion of blood itself in the legs, and the volume of circulating blood in 
the upper portions of the body is to that extent reduced. This loss of 
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volume of circulating l)lood in the ujjper part of the body should stimu- 
late recovery mechanisms, as would an actual hemorrhage, by reduc- 
tion of the capacity of the vascular bed by vasoconstriction, retention 
of body fluid, and iTilerchange of fluid between tissues and vessels. 
If, through such recovery mechanisms, the volume of circulating blood 
in the upper part of the body approaches normal, then the assumption 
of the recumbent posture would gravitate additional volumes of blood 
into the circulation. 'I’his additional volume of blood could come from 
the vessels of the dependent portions of the body, or from the extra- 
cellular fluids accumulated there. 

^Measurements^' of blood volume on tlu'ee patients who were suffering 
fi'om defects of venous return have suggested that maintenance of the 
“head-up” position results in an average increase of 500 c.c. of circulat- 
ing blood. Repeated studios on one patient in this repoi't (Case 4) 
indicate that his imj)]‘ovcmcnl was a.ssoeiated with a similar increase 
in blood volume. 

CONTROL .STUnilCS OF 151.000 VOLUMK IN CASE 4 

Before breakfast, after the patient had .slept nine hours on a flat bed, 
the recumbent blood jire.ssure was 100/62, and the heart rate, 92. The 
venous return in the erect ]iosture was very ])oor, and the patient could 
not stand more than five minutes before .syncope occurred. The studies 
of blood volume were done vith the patient recumheni, with the following 
results: His body weight was S6.2 kg.; the I’cading of the hematocrit 
was 35.5 per cent; the concentration of ])la.sma chlorides was 99.3 milli- 
equivalents per liter of pla.sma; the concentration of protein was 6.40 
Gm. per 100 c.c. of pla.sma : the volume of pla.sma was 3,326 c.c., or 38.6 
c.c. per kilogram of body weight ; tlie volume of blood was 5,157 c.c., 
or 59.8 c.c. per Irilogram of body weight ; and the extracellular fluid 
amounted to 21.3 liters, or 2.47 per cent of the body weight. 

Studies of Blood Volume After the Patient Had Slept in the “Head- 
up” hecZ.-— The patient then slept on the “head-up” bed for two nights. 
On the third day there was great improvement. The patient was able to 
.stand for twenty minutes; his blood pi-essure at the end of this time was 
86/66, and his heai1 j-ate was 106. There was slight pitting edema of 
the lower extremities. The head of the bed was lowered, and studies of 
blood volume with the patient in the recumbent position were made 
immediately. The body weight Avas 87.1 kg. ; the reading of the hemat- 
ocrit was 34.8 pel’ cent; the concentration of chlorides was 103.8 millr- 
equiA’alents per liter of plasma ; the concentration of protein Avas 6.45 
Gm. per 100 c.c. of plasma; the A'olume of plasma Avas 3,743 c.c., or 43.0 
c.c. per kilogram of body Aveight; the A'olume of blood A\'as 5,741 c.c., 
or 65.8 c.c. per kilogram of body Aveight ; and the extracellular fluid 
amounted to 22.2 liter.s, or 2.54 per cent of the body Aveight. 

These studies appear to demonstrate an increase in total blood A'ol- 
ume (about 600 c.c.) and an increase of the A'olume of extracellular 
fluid (about 900 c.c.) as a re.sult of .sleeping in the “head-up” position. 
Further studies are admittedly nece.ssary, but haAm not been possible 
because of our entrance into military serA'iee. 


_ *The Evan!5 blue technique •was u.scd for these measurements. The bromide tech- 
nique "was used for studyinu the quantity of extraceilular duid. 
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CONCLUSIONS 

1. Orthostatic defects of venous return have been divided into two 
groups, namely, those in which ortliostatic clianges are inconsistent and 
are not associated in a primary sense with organic disease, and those 
in w^hich orthostatic changes are consistent and are associated with 
organic changes. 

2. Two cases of organic orthostatic defects of venous return have been 
studied clinically ■with respect to tiie effect of preceding postural states 
and the intake of excess amounts of sodium chloride. The use of the 
‘ 'head-up” bed and extra salt appears to result in definite sjmiptomatie 
and objective changes which are reversible. 

3. Studies suggest that the improvement resulting from the "head- 
up ’ ’ bed and increased intake of salt corresponds to an increased volume 
of circulating blood and an increase of the extracellular fiuid of the 
lower extremities. 
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ELECTROCARDTOGRAPHIC CHANGES (LOCAL VENTRICGLAR 
ISCHEMIA AND INJURY) PRODUCED IN THE DOG BY 
TE]\IPORARY OCCLUSION OF A CORONARY ARTERY, 
SHOWING A NEW’STAGE IN THE EVOLUTION , 

OF MYOCARDIAL INFARCTION, 

Robeht H. Bayi.ey, M.D./' John S. LaDue, M.D.,^^ and 
Dorothy Joseph York, B.S.f 
New Orleans, La. 

T he land of abnoi’inal T deflections that ai'c .ascribed to local pro- 
longation of the effective duration of the excited electrical state in 
cai’diac muscle perifocal to an infarct,* or to perifocal ischemia of an in- 
farct,^’ “ has long been recognized'' as the final stage of the temporary 
changes in the electrocardiographic evolution of myocardial infarction. 
Several years ago one of us (R. H. B.) concluded from theoretical con- 
siderations that the same kind of T deflections should likewise introduce 
the electrocardiographic evolution of myocardial infarction. Several 
clinical experiences, one of which has been reported,^ have tended to 
confirm this opinion. Neverthelc.s.s, it is gencivally held that strildng 
RS-T .junction displacements introduce the electrocardiographic evolu- 
tion of mj'oeardial infarction.'"'' The RS-T junction displacements 
have been ascribed to the fact that mirscle at the periphery of the in- 
farct acts as if it were in the electrically injured .state,® or to muscle 
throughout which there exists during dia.stole, and again dui’ing systole, 
a gradient in the intensit.v of subnoional polarization, and throughout 
which the polarity of subnormal polariz.ation is reversed temporarily 
during s.vstole.'' Under the latter cireumstance.s, in the absence of the 
introduction during diastole into the body-galvanometer circuit of a 
current to neutralize the flow of the current of injury, the effect on the 
completed record is a displacement of the RS-T junction and the di- 
astolic base line in opposite directions. The following is a preliminary 
report on the method devised to te.st the foregoing concepts and on the 
results obtained from its use. 


jrETHOD AND .MATERIAL 

A moderatel.y large dog (9 to 16 kilograms) is anesthetized by an 
intravenous injection of pentobai'bital sodium (nembutal). The chest 
and left foreleg are .shaved and the animal is placed in the right lateral 
position on the operating table. The right arm terminal of an Einthoven 
galvanometer is connected to the left foi’eleg through a nonpolarizable 
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electrode. The left arm terminal of the galvanometer is connected to the 
exploring electrode through a similar nonpolarizable boot. The animal 
is given air through a tracheal tube with a positive pressure respirator, 
and, the pleural cavity is opened through a 6 cm. incision at the level 
of the fourth or fifth intercostal space. The middle and lower lobes of 
the lung are retracted, exposing the left lateral aspect of the pericardial 
sac. A pad of cotton, 2 to 3 cm. in diameter, and moist with mammalian 
Ringer’s solution, is placed on the strictly anterior surface of the peri- 
cardial sac close to the apex of the left ventricle. A wick of cotton 
fibers, drawn from the margin of the pad and connected with the boot 
electrode which receives the left arm teiminal of the galvanometer, 
seiwes as the exploring contact. A control curve is recorded. The 
pericardial sac is opened through a 1.5 to 2 cm. incision in the region 
of the tip of the left auricular appendage. A small segment (3 to 6 
mm.) of the anterior descending branch of the left coronary artery is 
gently dissected. No blood is permitted to enter the pericardial sac. 
A No. 1 linen suture 20 cm. long is passed under the artery without 
compressing the vessel, and its ends are loosety retained for subsequent 
closure of the artery. A second control curve is recorded and compared 
with the first control curve. If the control curves differ only in the form 
of the T deflection, the preparation is regarded as successful. A large, 
inverted T deflection in the fimt control is probably abnormal, and the 
preparation is likely to prove unsatisfactor 5 ^ If the second control 
shows displacement of the RS-T junction in addition to an inverted T, 
the preparation is regarded as umsuceessful. At the present time we 
have experimented with flve successful preparations (Dogs 1, 4, 7, 10, 
and 12). 

Each experiment consists of making a continuous recording before, 
during, and after complete, temporary occlusion of the dissected arterial 
segment produced by retraction of the suture. The duration of the oc- 
clusions has varied in different instances from 30 seconds to 30 minutes. 
We have been able to perform as many as five or six experunents on a 
single preparation. The hearts were later inspected and were found to 
be normal in appearance. 


RESULTS 

Two typical patterns were obtained in tAventy-odd experiments. One, 
the positive T pattern, Avas yielded by dogs 1 and 10, AA^hereas Dogs 4 and 
7 shoAved negative T patterns. In the former patterns the T deflections 
were positive in both controls. In the latter patterns, the T deflections 
Avere positive before, and negatiA’^e after, arterial dissection (Fig. 1, a- and 
5 and Fig. 2, a and 5). 

Within three to four seconds after occlusion commenced, the T deflec- 
tions Avhich Avere positiA’^e before occlusion became sharpty inverted, and 
reached maximal inA’ersion in about 20 to 25 seconds (Fig. 1, c, d, and e). 
The T deflections aaRIcIi were inverted before occlusion became more 
deeply iuA^erted, and reached maximal inversion in about 20 to 25 seconds 
(Fig. 2, 0 and d) . These changes AA-ere folloAved by a progressive diminu- 
tion of amplitude of tlie T deflections. Concurrently, the initial T seg- 
ments progressed into rounded upAvard movements (Figs. 1, / and 2, e). 
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In part concurrent, and trailing, these changes, the KS-T junctions and 
the diastolic base line segments became progressively displaced in op- 
posite directions, the former upward and the latter do%\mward. With 
clocklike precision, striking ES-T junction displacements and upward 
peaking of the T deflections had developed gradually by the end of one 
and one-half minutes after the onset of occlusion. In the majority of 



J 


— Selectc-J rf^oriiings from a continuous curve taken before, tluring, an'] 
ana one-half minuto occlusion of the anterior descending branch of the 
artery of Dog 1. Tlie exploring electrode v/as on the Htrlctly anterior 
Hac. Curves a and V arc controls recorded before and after 
Occlusion commenced at tlie signal betvreen h and c* Oc- 
ended hetmen strips h and The important features of the positive T pat- 
The time lines are 1/10 second apart Standardization Is approxl" 
mately l/s norraah See text. 


our experiments, the occlusion wa.s suddenl}^ released at this stage 
(Figs. 1, h and 2, i). Whether the oeclusion was relatively long (3 or 5 
minutes) or short (less than 2 minutes), the striking ll,S-T junction dis- 
placements and the di.splacemenls of the diastolic base line vani.shed 
within 5 to 7 seconds after cessation of occlusion (Fig, 2, f). Concur- 
rently, the large, positive T deflections became greatlj" reduced in ampli- 
tude. In the positive T patterns, the positive T deflections remained 
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positive after occlusion, (Fig. 1, j). In the negative T patterns, the 
po,sitive T deflection.s that were present at the ce.ssation of occlusion 
gradually returaed to their initially negative form in 5 to 10 minutes 
or less (Pig. 2, h). Thus, each pattern ended with a form of T similar 
to that which was present before occlusion. In the final stages of the 
positive T -patterns obtained by repealed oc'elu.sions on the .same prepara- 
tion over a period of several hours, the T deflections developed negative 
terminal dips. Under similar circum.stances, the final stages of the 
negative T patterns .showed T deflections of somewhat greater amplitude 
(Pig. 2, Z). In one experiment, a preparation which initially yielded 
negative T patterns was made to yield patterns of the positive T variety 
by an intravenous injection of 0.12 Gm. of theophylline with ethylene 
diamine. 

A series of identical atypical patterns was recorded from one dog 
with an unusually rapid heail rate. These were of the positive T 
variety, but failed to display the inverted T phase immediately after 
occlusion. 

CONCLUDING REMARKS 

A method is described which permits observation of the complete 
eleetroeardiographie evolution of the development and ce.ssation of acute 
local ventricular ischemia and injury. In all important respects the 
changes resemble the transitory and much more lengthy electrocardio- 
graphic evolution w^hich is encountered during the course of myocardial 
infarction, Ina.smuch as no infarction is developed during the recording 
of the ischemia and injurj' pattem, a clear demonstration is made of the 
Idnd of electrocardiographic changes ■which are routinely associated 
with myocardial infarction, but which neither depend upon the presence 
of infarction nor necessarily indicate its presence. 

Contrarj' to general opinion, the ischemic T-wavc changes constitute 
the first stage in the electrocardiographic evolution of myocardial infarc- 
tion, as well as the last transitory stage. The KS-T junction and the 
diastolic base line displacements are best studied in that pail of the 
isehemia-injurj’’ pattem which immediately follows ce.ssation of occlusion 
(Pig. 2, j). The form obseiwed strongly supports the explanation given 
elsewhere’ of the electrical nature of cardiac muscle in the injured state. 
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THE GRAPHIC REGISTRATION 01'' VENOUS PRESSURE 
TAKEN BY THE DIRECT METHOD 

J. ED^n^' Wood, Jr., M.D., axd Kyaajy T. ^McKra, M.D. 

ClIARLOTTE.SnLOE, Va. 

T echnical diffieultie.s may paiiially account for the fact tliat there 
are few .studie.s of directly measured and gj-aphically recorded 
venous pres.sure in human beings. The main obstacle appears to be lack 
of a suitable mechanical recording device which will register pre.ssures 
in millimeters of water and also be adaptable to a .steiile technique. 

Illustrative of one recording principle is the spirometcr-Iike arrange- 
ment used by Kendrew.’ In this apparatus most of the .sj'stem is liquid 
tilled, but an air pocket under the recording .spirometer precludes ab- 
solute values, and the method indicates relative changes only, Doupe, 
et al.,® .suggest an excellent and apparently highly sensitive method, 
using a T tube manometer. There is a j-ubber tube from the top of the 
inverted T manometer to a mbber diaphragm which caiTies a mirror for 
optical recording. This system allows for calibration, but, owing to. the 
compressibility of the air column from manometer to mirror, the recorded 
changes ai’c relative. A camera is necessary for this method. Recently, 
Feitelberg® has suggested a photoelectric recorder for biologic purposes 
which is probably adaptable to the recording of human venous pressure, 
but this apparatus seems more expensive and complicated than it .should 
be for clinical work. The Hamilton manometer^ meets all the require- 
ments of accuracy for a direct graphic record of venous pressure, and has 
been used for this purpose with excellent results.^ This equipment is 
bulky, requires a relatively expensive camera, and has not seemed .suit- 
able to us for use on the wards. 

It is the purpose of this brief report to describe a sample piece of 
apparatus which can be easily a.ssembled in any hospital laboratory. 
A convenient adaptation is a sensitive, float-recording manometer which 
is suitable for pressures of the order required. The apparatus is ar- 
ranged so that only a portion of it need be sterilized. Venous pres.sure 
is recorded on a smoked drum, and a nonrecording water manometer is 
included in the .sj'.stem to verify values recorded on the drum. The 
recording manometer may be accurately calibrated, and pre.s.sure changes 
are recorded by a .system entirely filled with liquid. Finally, the ap- 
paratus may be placed on a table and rolled about as desired. 

Worn the Department of Internal MeUicine, School of Alerlicine, t'niver.eity of Vir- 
fjinia. Charlotte.eville, Va. 
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The arrangement of the recording device is shown in Fig. 1. Tlie 
essential features are : 

A, A 10 c.c. syringe, filled with 2 per cent sodium citrate solution and 
100 units of heparin (Connaught). Part of the 10 e.c. is used to fiU the 
distal portion of tubing which leads to the needle, and the remainder is 
used during the experiment to prevent clotting. 

B, The usual water (citrate) manometer, placed in the sj^stem with T 
tube for convenience in obtaining correct zero level, sight readings 
during the experiment, and calibration. 

C, Thin latex balloon separating sterile (left) and nonsterile (right) 
apparatus. This balloon must be partially collapsed after system is en- 
tirely filled with liquid, for distension or total collapse fails to transmit 
pressure accurately. This bottle and balloon ma}’ be reversed in direc- 
tion and placed between S 3 a’inge, A, and T tube leading to B, therebj^ 
further reducing amount of apparatus that must be sterilized. 



D, Usual U tube recording manometer (5 mm. bore), commonh^ foimd 
in anj’- physiologic laboratorj’-, and ordinarily' used with mercuiy and 
float recorder. 

Because of surface tension, a light cork float cannot be used on water, 
for it sinks or sticks when the water level goes up or down. This can 
be obviated by filling the manometer with a heavier liquid (trichlor- 
ethydene or carbon tetrachloride) which is not readily water soluble, add- 
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ing a droi) or two of a commercial detergent .solution (DuponoP) ju.st 
where the light cork float meets the trichlorcthylene. The cork float 
(7 mm. long and about 4 mm, in diameter), with a light .straw guide 
and 'svriting point, now moves up and down lightly and accurately on 
the drum. The right amount of Duponol solution around the cork float 
is important to pi’event lag a.s the cork i-isc-s and falls, and just enough 
is used to extend the exact length of the cork as it rests on the heavier 
fluid in the manometer. The u.se of a commercial detergent to diminish 
surface tension about the cork float is the key to the accuracy of the 
recording manometer. 

Liquids of varying .s-peeifle gravity may be u,sed, depending on how 
much excursion of the manometer is desired. The hea*vder onc-s are, of 
course, required for wide ranges involving high venous pr&s.sui-c-s, so 
that the v-riting point does not go off the drum. Heavier liquids, such 
as methylene bromide, inerea.se the lag .slightlj". Water also can be used, 
but Duponol soon diffuses into water, and hence the necessity of using 
heavier, relatively water insoluble liquids in the manometer. We have 
found that the ones shown in Table I are .suitable. 


Table I 


X'AIIE 

spECinc 

GueviTY 

Kirctmsrox nr nif. ok 

VV.Vli 20 JIM- WATTS 

.STAK&AEWZATICar 

TricMorethylene 

3,455 

30.5 

Carbon tetrachloride 

3.595 

9.3 

Methylene bromide 

2.495 

5,2-5 


Additional luiavy liquids that are relatively water insoluble are 
S'tetrabromethane, specific grav'ity 2.965, and methylene iodide, .specific 
gravity 3.285, 

B, F, and H, A time watch (E), base line lever, and respiration re- 
cording lever may he added. A.s the apparatus is set up here, the 
reservoir {F ) is filled with 2 per cent, sterile citrate solution. This is 
used to fill the .sterile half of the system, but is not used after the e:*y/eri- 
ment is .started, for clotting is pjrevented by the use of .syringe (A). The 
nousterile side of the system is filled with syringe (IT). 

The point of reference is obtained, as pj'cviou.sb' .sugge.sted,^ by level- 
ing the zero point of manometer B with a point 10 era. above the level 
of the back of the horizontal patient. Surface tension where the needle 
is in the vein iriay xjrevent obtaining a coirect zero level ; this may be 
overcome by allowing the needle to overflow into the container of .sterile 
citrate at zero level. 

We have made about fifty observations on patients with this method, 
and have obtained continuous grax)hie records of venous j)re.s.sure ewer 
periods of tw-enty to forty-five minutes. One such record (Fig. 2) is 
.shown, with calibration. Also, simultaneous .sight readings and values 
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Table II 



MANOMETER B 

SIGHT READINGS 

MJI. 11,0 (citrate) 

MANOMETER D 
VALUES RECORDED ON DRUM 
MM. HjO (citrate) 

0 min. 

126 

125 

1 

123 

12 ?, 

2 

321 

li'i 

a 


121 

4 


121 

5 


121 

0 


321 

7 

110 

no 

8 

- 97 

99 

9 

84 

83 

10 

76 

80 

11 

78 

77 

12 

77 

77 

13 

79 

79 

14 

79 

78 

15 

80 

79 

16 

81 

80 

17 

76 

77 

18 

79 

77 

19 

78 

78 

20 

78 

77 

21 

78 

79 

22 

104 

102 

23 

110 

109 

24 


no 

25 


117 

26 

123 

122 

27 

326 

124 

28 

328 

127 

29 

131 

130 

30 

128 

128 

31 

l3o 

133 

32 

134 

133 


from graphic curves are shoum (Table II) to illustrate the accuracy of 
the recording manometer. Slight discrepancies may be caused, in part, 
by the failure of a single observer to catch sight readings exactly, by 
a slight mechanical error in synchi’onizing the level and time marker, 
and by slight frictional lag. If the manometer is set up correctly, 
calibration up and doMTi scale .should be even and without appreciable 
error. The manometer records the venous pressure changes Avhich occur 
during Chejme-Stokes breathing, forced dyspnea, the Valsalva phe- 
nomenon, excitement, slight muscular movements, venous pooling, as 
illustrated in Fig. 2, and under other conditions. It appears to be a 
simple, mobile, inexpensive method for recording venous pressures. 

It is of added interest that ordinary smoked drum records may be 
used as negatives, and printed on photographic paper. Although .smoked 
cellophane provides a smoother surface and therefore possibly diminishes 
friction, we have not found it necessaiy for photographic reproduction, 
as previously suggested.® 

This modification of the method of Moritz and von Tabora^ permits 
accurate, graphic registration of venous pressure in man. 
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STUDIES ON THE PRODUCTION AND JE\INTENANCE OF 
EXPERDIENTAJj AURICULAR FIBRILLATION 


JoHX R. Smith, !M.D., axd Keith S. Wii^sox, M.D. 

St. Louis, Mo, 

F rom the time auricular fibrillation was first described in man’*''* 
and was sliowm to be a common condition,^ observers have attempted 
1o gain more insight into its causes. Earlier work'*- '^ demonstrated 
tliat iiTitation of the auricles by faradizing cuiTcnts often produced 
transient auricular fibrillation in the experimental animal. Other 
workers”' ' noted that, during vagus stimulation, the atria were often 
more likelj' to fibrillate when stimulated by faradic currents, and that 
fibrillation frequently occurred Mith vagus stimulation alone. Recently, 
acetyl-beta-methylcholine (mechoM) has been used to produce the effect 
of vagus (paras^Tupathetie) stimulation. Nahum and Hoff* found that 
placing pledgets of meeholyl upon the auricular surfaces of the dog heart 
often produced fibrillation. Noth, E.ssex, and Barnes® and Iglauer and 
his co-workei’s’® noted transient atrial fibi-illation in dogs after the 
intravenous administration of meeholyl. Similar phenomena have been 
observed in human sub.iects. Batro and Lanari” noticed the occurrence 
of atrial fibrillation in a patient after the intracarotid injection of acetyl- 
choline, and Dameshek, et al,,’® observed this an-hj-thraia after the 
administration of prostigmine and meeholyl. These experiments empha- 
size the probable importance of vagal stimulation in the production of 
auricular fibrillation. 

The experiments of Nahum and Hoff’^ are of particular interest. 
These workers were able to induce tran.sient auricular fibrillation in 
thyrotoxic patients by the administration of acetyl-beta-methylcholine, 
Thej' postulated that the application of an irritative factor to the 
auricles (“E” factor), upon vdiieh vagal stimulation is superimposed, 
is necessary to cause fibrillation of the auricles, The^* further .suggested 
that, in mitral stenosis, the condition of auricular distention may operate 
as the “E” factor, added to which vagal .stimulation may precipitate the 
disorder. Auricular distention as an influence in the e-slablishment of 
atrial fibrillation in mitral stenosis had been previously .suggested.^'*'’”' 
Our interest in conditions which might induce and maintain auricu- 
lar fibrillation was aroused while vre were peri'onning experiments for 
another purpose. In perfusing the coi'onary arteries of the heart- 
lung preparation with anoxemic blood, we i-epeatedly noted the .spon- 
taneous occurrence of auricular fibi-illation. As the.se hearts were in 

. Jh® pepartmont of Internal Sle'Iicinf:, Wai^hlngrton Univc-rAltv School of Jfe'll- 

cine, St. Louis, ilo. 
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good condition, and the only altered factor was the perfusing of anox- 
emic blood, it seemed possible that oxygen lack might favor the develop- 
ment of the arrhjdhmia. Such a possibility has been suggested by a 
number of independent studies. Porter,^' many years ago, oliserved 
the disappearance of atrial fibrillation after perfusing the coronary 
vessels with oxygenated blood. Lewis^® found that paroxysmal auricu- 
lar tachycardia frequently followed ligation of the right coronary artery 
of the dog heart ,• during the course of the tachycardia, atrial fibrillation 
often occurred. De Boer^° noted atrial fibrillation after ligation of the 
coronary vessels, or when the heart Avas in a '‘poor metabolic state,” 
and Resnik®^ found that auricular anoxemia may predispose the auricles 
to fibrillation. GreraudeP® spoke of tachycardias and arrhythmias caused 
by interference with the blood supply’- of the myocardium. j\Iaster and 
his associates®^ suggested that auricular fibrillation after acute coronary 
thrombosis depended upon altered metabobsm, anoxemia, and impaired 
nutrition of the m 3 mcardium. 

In order to studj^ further tlie possible role of auricular anoxemia in 
the production of atrial fibrillation, the following experiments Avere 
performed. 

JIETHODS AND RESULTS 
FIG. 1 

1. Effect of Anoxemia and Mecholyl in Producing Atrial Fibrillation 
in the Normally Beating Heart. — Experiments Avere performed on nme- 
teen dogs, each of AA^hich AA^eighed approximatel,v 15 kilograms. Under 
nembutal anesthesia, the thorax Avas opened bj^ cleaving the sternimi'; 
respiration was maintained bj’- means of a pump attached to an mtra- 
tracheal cannula. A glass camiula Aims introduced into a femoral A^ein 
for the administration of meclioljd. An electrocardiograph Avas at- 
tached bj' embedding German silver electrodes in the shoulder and 
left leg muscles. In order to produce the effect of moderate vagus stimu- 
lation, doses of mecholjd of 0.12, 0.14, 0.16, or O.IS mg. were arbitraril}*, 
chosen, and gwen indmdualljL Tlie smallest dose AAdiich produced 
transient cardiac arrest (5 to 10 seconds) or marked sloAAung of the 
sinus rhythm was selected as the control dose. Usuallj*, 0.12 mg. sufficed 
to produce this effect. 

When Lead II had been obtained and the effect of the control dose 
of mechoUd had been obsei-Amd, the respiratoiw pump AA'as stopped. 
Marked anoxemia aa^s permitted to deA’^elop, as judged by the gasping 
.respiration of the animal and tlie deepenmg hue of the blood in Ausible 
arteries. During anoxemia, the control dose of mecholjd was admin- 
istered again, AAdiile a continuous electrocardiograpliic tracing Avas made. 
Care Avas taken to aA'oid accidental mechanical stimulation of the auricles. 
In all of tlie animals during anoxemia, mecliolyl induced cardiac arrest 
for 10 to 25 seconds, togetiier Avitli marked dilation of both auricles and 
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ventricles, whereas, in the control observations, the same amount of the 
drug produced sinus slowing or only transient arrest. The as 3 ^stole 
was folloAved bj' idioventricular rhjdhm. In ten of the nineteen animals 
auricular fibrillation developed spontaneously^ It usually appeared 
soon after vagal escape, or at the end of auriculoventricular standstill. 
Fibrillaiy motions were first manifest in the auricular appendages, and 
were alway^s “fine” in character. As the effect of the mecholyd passed 
off, “fine” auricular fibrillation persisted; with the disappearance of 
auriculoventricular dissociation, the ventricular contractions , became 
raiiid and absolutely’- irregular. 

The resumption of resjiiration was followed by abolition of auricular 
fibrillation and the re-establishment of normal cardiac mechanism. In 
two or three minutes after aeration was begun, the fibrillaiy contrac- 
tions (and electrocardiographic f ivaves) became more coarse, transient 
auricular flutter or flutter-fibrillation ensued (persisting, usually’-, 60 
to 120 seconds), and normal sinus rhythm was then regained. However, 
if, after anoxemia, and auricular fibrillation had been established, the 
respirator was adjusted in such a way as to maintain the blood at an 
anoxemie level, auricular fibrillation pei*sisted. In this way auricular 
fibrillation was frequently’- maintained for as long as thirty’ minutes. 
It was seldom possible to perpetuate anoxemia for a longer period be- 
cause of the occurrence of puhnonaiy edema. 

In nine of the animals, auricular fibrillation did not occur spon- 
taneously, even when the experiment was repeated ^vith the highest 
(0.18 mg.) test dose of mecholy’l. However, under the influence of both 
anoxemia and mecholyd, gentle mechanical .stimulation of the auricles 
by’- light stroking -vntli a feather immediately precipitated auricular 
fibrillation, whereas, in the absence of anoxemia, strong mechanical 
stimuli must be applied to the auricles in order to induce fibrillation. 
The response of auricular fibrillation in these hearts to persistent anox- 
emia and re-aeration was the same as in the foregoing group. 

2. Mimination of the Factor of Auricular Distension . — ^Nahum and 
Hoff^® and others have suggested that distension of the auricles 

in mitral stenosis may be important in initiating atrial fibilllation. In 
the foregoing experiments, during the cardiac arrest produced ly the 
administration of mecholyd, there was obvious, marked dilatation and 
distension of the cardiac chambers. As the factor of distension could 
not bfi eliminated in these observations, another series of experiments was 
.undertaken in an attempt to avoid increased intra-auricular tension. 

FIG. 2 

Four experiments Avere performed on four dogs. Starling heart- 
lung preparations were set up, and the hearts were adjusted to work 
under a pressure of 90 mm. Hg and with an output commensurate with 
the size of the organ. A perfusion flask was arranged so, that blood, un- 



180 


A5IERICAN heart JOURNAr, 


del* any desired pressure, could be perfused into the aorta and against 
the aortic valves 5 the blood passed thence into the coronarj arteries. 
Electrocardiograms were taken before and during the experimental pro- 
cedures. While the hcari-lung preparation was beating normally, 0.12 
mg. of meeholyl (or amounts of 0.14, 0.16, or O.IS mg., as desired) was 
admini-stered through the cannula in the vena cava. The cjuantity of 



Fie. 2.— Elc-clrocanllogramB II) recorded during perfUBion of 

vessels In Experiment 2. A is the control cur\'C. B Is the curve 
perfusion of venous blood into the coronary arteries (with the heart heating ewipr^. 
After the admlnistr-ation of 0.12 mg. of meeholyl. auricular fibrillation occurred tcuiwe 
C), and, with perfusion of oxy'genated blood (curve D), coarse flbrlilatfon cn.suea, ioj- 
lov.'ed by the return of normal sinu.s rhythm. 


drug which produced an evane.scent arrest of the heart, or marked slow- 
ing of the sinus rhythm, was again chosen as the control dose. The 
venoms inflow to the heart was then .shut off, entirely eliminating flow 
through the heart. In this stale, the auricles and ventricles were col- 
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lapsed. Venous lilood (anoxic) was then perfused into the aorta and 
coronary vessels under a pressure of 90 mm. Hg, and the control dose 
of mecholjd was reinjected into the perfusing blood. In all four ex- 
periments, there immediatel}’ followed a period of cardiac arrest, 10 to 
20 seconds in duration, followed b 3 ’ idioventricular rhj^hm of 30 to 60 
seconds’ duration. Spontaneous atrial fibrillation occurred in each 
heart. Again, fibrillation of the auricles persisted during the time 
anoxemic blood was used in perfusion. Wlien ox.ygenated blood was 
again forced into the coronaiy arteries, coarser fibrillary movements 
promptl}* occurred, followed b.v transient fiutter-fibrillation and finalh* 
normal rhythm. 

No attempt was made to maintain auricular fibrillation foi- long 
periods of time, as it would have required large amounts of anoxemic 
blood in constant circulation. Auricular fibrillation was permitted to 
continue for several minutes in each expciament. 

3. Production, of Auricular Fibrillation in Hearts IVith Acute Experi- 
mental “Mitral Stenosis.” — The question whether extreme distension of 
the auricles infiuenees the normal auricular mechanism was investigated 
by producing acute '‘mitral stenosis” in five dogs. In two experiments 
heart-lung preparations were used; in one experiment, the heart was 
exposed and the general circulation kept intact ; chloi’azol fast pink and 
heparin were given to prevent clotting during subsequent procedures. 
In all three of these experiments small incisions were, made in the left 
auricular appendages. A brass tube, 3 mm. in diameter, to the end of 
which a small balloon was affixed, was passed through the auricle into 
the left ventricular cavitj- and tied in place by a ligature placed around 
the aperture.-- Careful partial inflation of tlie balloon encroached upon 
the volume of the ventricular cavitv, producing a retrograde increase of 
pressure in the left auricle, pulmouaiy ve.ssels, and right cardiac 
chambers. The balloon was sufficientbv inflated so that left ventricular 
output was curtailed b}' about 10 per cent. j\Iarked distension of both 
auricles and the right ventricle resulted. When the balloon was in place 
and inflated, 0.12 or 0.14 mg. of mecholyl was injected into the vena 
cava or femoral camiula, Avhile continuous electrocardiographic tracings 
(Lead II) were taken. In the three experiments, auricular fibrillation 
developed spontaneously and persisted as long as the inflated balloon 
(and, therefore, auricular distension) was retained. It was not iiossible 
to maintain auricular distension for more than five minutes because of 
the rapid development of pulmonaiy edema. Eclease of the balloon and 
the re-establislunent of normal intracardiac pressures were followed b.^' 
auricular flutter and restoration of normal mechanism, as in the forego- 
ing experiments. 

In two additional experimenfs, using dogs with hearts exposed and 
circulation intact, an attempt v'as made to jn-oduce acute mitral stenosis 
bj' the method of Katz and Siegel.-" In this method, sutures are drawn 
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through the myocardium and under the leaves of the mitral valve in such 
a way that tension on the sutures raises the mitral cusps to produce a 
“stenosis.” However, in each of these experiments, auricular fibrilla- 
tion occurred spontaneously as the .sutures were being placed, and 
before auricular distension could be produced. It was thought that 
direct injurj^ to the atria produced the fibrillation. 

DI.SCUS.SI0N 

The expeiimental data presented would indicate that anoxemia of 
the auricles, together vith vagal stimulation, may result in the spon- 
taneous development of atrial fibrillation, with or ^vithout auricular dis- 
tension. In the interpretation of these observations, several factors must 
be considered. 

Nahum and Hoff*^ have pointed out that the degree of vagus c.xcita- 
tion may be of considerable importance in the establishment of auricu- 
lar fibrillation. The experiments of Lewis, Drury, and Bulger^^ and 
of Andrus and Carter-^ have shoum that stimulation of the vagus con- 
spicuously decreases the refractory period of the auricle, and that the 
application of a stimulus to the auricle shortly after the end of the re- 
fraetorj^ period under vagal stimulation resulted in the occurrence of 
auricular fibrillation. It seems po.ssible, therefore, that, because of 
shoi*tening of the refractorj' period, stimuli may fall upon auricular 
muscle which is excitable, but in which conductivity has not returned to 
normal. The muscle is thus receptive to re-entrant rhythms.®^ 

The mechanism by which anoxemia of auricular mu.sele facilitates 
the induction of atinal fibrillation on stimulation of the vagus is not 
entirely clear. 'Wiggers^® notes that, in ordinary heart muscle, anoxemia 
may increase the irritability of foci in the ventricle, or may cause de- 
laj'^ed conduction and regional blocks, pennitting the re-entry of ex- 
citation waves into normal muscle. These changes may give rise to 
fibrillation. It seems reasonable that .similar conditions may occur in 
anoxemic auricular muscle. Cushing and his co-workers-' found that, 
in producing auricular infarcts in the e.xperimental animal, abnormal- 
ities in auricular mechanism frequently occurred, such as premature sys- 
toles, wandering pacemakers, tachycardias, and other disturbanee.s, in- 
dicating greatly increased irritability of the muscle. On the other hand, 
anoxemia of auricular muscle appears to have very little effect on the 
refractorj- period of the muscle.^® Therefore, it seems possible that an 
auricle which has been rendei’ed irritable by anoxemia may be precipi- 
tated into fibrillation by the additional factors of shortened refractory 
period and lessened conductirity produced by vagal stimtdation of 
sufficient degree. 

Heymans and his associates^® and Kiehard’® ha\'e shown that the 
effect of vagal stimulation on the heart is greatly enhanced by anoxemia. 
In our experiments, the effect of acetyl-beta-raethyleholine on cardiac 
inhibition was strikingly increased when the heart was deprived of oxy- 
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gen. Intravenous injections of 0.12 mg. of the drug produced arrest of 
cardiac contraction and periods of vagal escape of much longer duration 
in the presence of anoxemia than in its absence. It seems probable, 
therefore, that anoxemia and vagal stimulation act synergisticallv in the 
prpduction of atrial fibrillation. 

The clinical implications embodied in tliese experiments are possiblj" 
of interest. The common occurrence of auricular fibrillation in coronary 
artery disease, mjmcardial infarction, and congestive heart failure is 
well known. From the clinical standpoint, one might wonder whether, 
in heart disease which is attended b}'' reduced coronaiy artery fiow and 
anoxemia of the myocardium, normal vagal stimuli might not be ampli- 
fied in their effects upon the heart, leading, in some cases, to the estab- 
lishment of auricular fibrillation. Indeed, Weiss and Baker®^ found 
that, in patients with coronaiy disease, carotid sinus stimulation tended 
to produce marked temporary slowing of the heart. Sigler^- noted high 
degrees of cardio-inhibitoiy response to carotid sinus stimulation in 
eases of coronary insufficiene 3 L 

Distension of the auricles in mitral stenosis has seemed likelj’- as a 
factor in the causation of fibrillation of the atria. In the dog heart, 
auricular distension caused by obstructing the passage of blood through 
the left ventricle, together with an acetjdcholine effect, resulted in the 
spontaneous development of fibrillation. However, when auricular dis- 
tension was eliminated bj^ perfusing the coronaiy vessels while the heart 
was beating empty, auricular fibrillation was again spontancoush' pro- 
duced when the muscle was perfused until anoxic blood under vagal 
stimulation. From the clinical standpoint, one would feel that the fac- 
tors of auricular distension and anoxemia are inseparable. Kountz 
and Smitii^® suggested that distension of the ventricular wall might so 
stretch the intramural coronaiy radicles that marked reduction of the 
fiow of blood would result. Distension of the thin auricular walls, pro- 
ducing marked attenuation of the intramural vessels, and, consequently, 
anoxemia of the muscle, would seem to be a possible factor in the pro- 
duction of auricular fibrillation. 

Cushing and his co-workers®' produced auricular infarction in the 
hearts of dogs bj^ ligating the auricular arteries. The}’’ noted various 
changes in auricular mechanism, but auricular flutter occurred in onlj’’ 
one of their experiments, and auricular flbrillation was not noted. There- 
fore, their results might at first glance appear to be at variance with 
ours. One j)Ossible explanation for this difference may be that anoxemia 
of the auricular muscle, as a whole, may be required before conditions 
necessaiy to the production of auricular fibrillation develop. In mitral 
stenosis, congestive heart failure, and in some cases of mj'oeardial in- 
farction (ill which this arrhythmia is common), anoxemia of aU of the 
auricular muscle conceivably occurs, possibh^ fostering the onset of the 
arrhythmia. 
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The relationship ol anoxemia of the auricles and vagal siirrmhtion 
(mecholyl effect) was investigated in the hearts of dogs. In the nor- 
mally beating heart it was found that ; (1) anoxemia apparently renders 
the heart more sojisitive to the action of mecholyl; (2) auricular fibrilla- 
tion frequentlj” occurs spontaneously, or is easily induced by minute, 
mechanical, auricular stimuli after small doses of mecholyl during ano.v- 
emia; (3) reoxygenation of the blood resulls in the restoration of normal 
cardiac mechanism. In another series of experiments, the factor of 
auT'ieular distension was eliminated by ])erfusing the coronary ve.ssels 
of the heart while the heart wa.s beating empty; the administration of 
mecholyl during perfusion with anoxic blood produced auricular fibrilla- 
tion. Mecholyl also produced auricular fibrillation in hearts with acute, 
experimental “mitral stenosis.’* 

The possible mechanisms by which auricular anoxemia, together with 
the action of mecholyl, may precipitate atrial fibi-illation are discu.ssed, 
and the clinical aspects considered. 
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THE EFFECT OF THYROID EXTRACT, ADRENALIN, AND A 
COMBINATION OP THESE ON THE HEARTS OF INTACT 
AND THYROIDECTOMIZED RABBITS 


Harry Cross, M.D., akd Sidney S. GREii:N'HERO, M,D.® 

Ne\y York, N, Y. 

T he exact mechanism whereby thyroid extract and adrenalin affect 
the heart is still not clear. Thyroid extract causes an increase in 
cardiac output by increasing the lieard rate and stroke volume. Adren- 
alin causes a rise in lieail rate and blood pressure, and also has an effect 
on the heart by a synergistic action w'ith the thyroid gland. The ultimate 
cause, however, of the cardiac enlargement and myocardial fibrosis 
w'hich follow the administration of thyroid extract and adrenalin to 
animals is far from clear. 

A person with my.xedema or anyone after complete thyroidectomy’ is 
u.sually more sensitive to thyroid extract than normal. In this work an 
attempt was made to answer the question whether the effect of thjToid 
extract was greater on tlie hearts of thyroidectomixed rabbits than on 
those of intact rabbits. Similarly, the effect of adrenalin on similar 
groups of animals was studied. An attempt was also made to ascertain 
whether adrenalin augments the effect of thyroid extract. 

REVIEW or LITERATURE 

Hoskins,^ Cameron and Carmichael,” and Ilashimoto'* reported cardiac 
hyf)ertrophy in rats which were fed thyi'oid extract. Hashimoto also 
noted that the effect (grossly, dilatation, and, microscopically, svrelling 
of muscle fibens and increased interstitial fibrosis) dejicnded upon the 
duration and dosage of the thyroid extract. Goodpasture^ found cardiac 
hj’pertrophj'" in rabbits which had been given thjToid or thjTOxin. After 
two to three weeks of treatment lie observed myocardial and perivascu- 
lar neerosi.s, fibrosis of papillary miuscles, and an increased susceptibility 
to myocardial in,iui 7 ,' from chloroform. Simonds and Brandes'’' obseired 
generalised cardiac hypertrophy, especially of the left ventricle, in dogs 
which had been fed desiccated thyi’oid extract. 

Smith and 2iIacKa3” obsem'ed a linear I’elation between the ^ce^ghl of 
the heart and the basal metaboli.sTn in rats that were fed thj'roid ex- 
tract. The^' noted a direct relation.ship between the work of the heart 
and the weight of the heart. The isolated hearts and auriele.s of thy- 
roid-treated animals were shown bj' Lev/is and IMacEachern^ to con- 
tinue t o heat at a faster rate than noi-mal. In frizzle fovd Boas and 

From th'i and Laboratory DlvjKion, Wontc-fioro Honpltal, YorR. 

RoaoR/oa for j-mbRcatlon M.orch 12. 1942, 

*HR<la Stlch StroocR Follov," in Fatholosy. 
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Landaiier® demonstrated left ventricular lij^iertropliy and an increase 
in tlie ratio of ventricular weight to body weight. They attributed the 
increased work of the heart to permanent tachycardia caused bj’- a per- 
sistently elevated metabolism. 

H^Tpertrophy of the heart in animals following injections of adrenalin 
was reported by Stewarti° ; the degree of hypertrophy was determined 
by the amount of adrenalin injected. He believed that adrenalin pro- 
duced a metabolic disturbance due to a direct toxic action on the muscle 
fiber, mth histologic changes similar to those which follow diphtheria. 
The hjTpertrophj'' of the heart was in proportion to the myocarditis, 
with increases in weight up to 42 per cent in those with myocardial 
lesions and up to 26 per cent in those with microscopic changes. He 
believed that the earlj’- stage of cardiac liypertrophy is caused, in part, 
by an increased water content, and that, after tlie third week of adi’en- 
alin injections, the edema disappears. 

Kuriyama^^ demonstrated no increase in weiglit or in epinephrine 
content of the adrenals of thyroid-fed rats, presuming tliat adrenalin 
is transferred to the circulation. He does, however, state that the aetion 
of adrenalin on the frog or rabbit heart is augmented by additions of 
thyroid extract. He mentions the fact that the plasma of rats which 
had been fed thyroid and of patients with G-raves’ disease accelerates 
the vasoconstrictor influence of epinephrine. According to Sehermaim,^® 
thyroidectomy decreases the response of the isolated heart to adrenalin. 
This decreased response is due to a lack of thyroid effect on the nerve- 
muscle cell-endings of tlie heart. 

Herring^^ is of the opinion that, unth thyroid feeding, the aeti-vaty 
of the animal’s own thju’oid adds another factor to the degree of re- 
sponse. He thinks that the animal’s OAvn tliyroid gland is restrained in 
development by prolonged thyroid feeding. He found hj-pertrophy of 
the heart, kidneys, pancreas, liver, and suprareiials as a I’esult of thy- 
roid feeding. In the suprarenals the increase in medullaiy substance 
was more than balanced bj^ greater hypertrophy of the coi-tex. 

The sjmergism between the adrenal and the tli^moid gland is well 
loiowti. Asher and Flack^^ demonstrated that the thyroid sensitizes the 
sjonpathetic endings to tlie aetion of adrenin. Oswald^® observed that, 
after intravenous injections of iodothyroglobulin, adrenin causes a rise 
in pressure which is higher and longer in duration than before. Leiy^^^ 
observed a prompt liberation of thyroid after sAmipathetic stimulation. 
According to Zwemer,^" absence of the thyroid gland tends to delay the 
onset of sjmiptoms of adrenal insufficiency. 

Marine and Baumann^® showed that the suprarenal cortex normally 
exerts a regulatory and inhibitory control over thyroid activity, which, 
when lost, automatical^ leads to increased activity, ivith heightened 
heat production. Thyroidectomy prevents or diminishes the rise in 
respiratory exchange which usually follows sublethal injury to the 
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suprarenal glands. Seelj’' and Cutler’^' found that thyroidectomized 
dogs showed a great loss of sensitivitj' of sympatheetomized vessels to 
adrenalin. They also found that, v/hen patients were deprived of thy- 
roid secretion, injections of adrenalin produced less vasocon.striction. 

In an attempt to ascertain the effects of adrenalin alone, and of a 
combination of thjToid extract and adrenalin upon the hearts of thy- 
roideetomized and normal rahhits, four groups of rabbits v/eie studied. 
The first group consisted of fifteen thyroidectomized rabbits. Of these, 
five sen'ed as controls, Hvo were given subcutaneous injections of 0.3 
to 0.4 mg, of adrenalin in aqueous .solution, and five other-s received the 
.same do.se of adrenalin, pins 100 mg. of desiccated thyroid extract by 
mouth daily. The dose of the drugs was decreased if v.'eight lo.ss was 
too great or the animals appeared ill, and increa.sed if the effect on the 
heart, as obseiwed at necropsy, on others v.'as not marked. 

To ascertain whether thyroidectomy augmented the effect of thyroid 
extract and adrenalin, another group of twelve animals v.ith intact 
thyroids were ti*eated in a similar v,-ay, except that adrenalin in oil 
(0.3 to 0.4 mg. daily) was sub.stituted for adrenalin in aqueous solu- 
tion in the hope of producing a more prolonged effect instead of the 
sudden and tramsitoiy, though marked, effect of the aqueous adrenalin 
solution. Half the number were given adrenalin alone, and the other 
half were given thyroid in addition to adrenalin. The do.se of thyroid 
extract and adrenalin was increa.sed or decreased as the hearts were 
observed after different experimental pjeriods. At the end of the experi- 
ment the animals were receiving 0,6 mg, of adrenalin in oil daily. 

To ascertain the effect of thyroidectomy, a third grouj) of twelve an- 
imals, half of which ivere thyroidectomized and the other half intact, 
were given the same doses, of thjToid (200 to 300 mg. of desiccated 
tfiji-oid by mouth) and adrenalin in oil (0.3 to 0.-5 mg. .subcutancou-sly) 
daily. The experiments lasted from eighteen to sixty-four days. In 
this group, thr'Toidectomy did not appear to increase the changes in the 
heart produced by thyroid extract and adrenalin. 

A fourth group was .studied becau.se it was felt desirable to ascertain 
the effect or, thyroid extract on the intact and the thyroidectomized an- 
imal, i,e,, to .see whether the thyroidectomized rabbit was more sensitive 
to thjwoid than the intact one. This group wa.s eompo.sQd of twelve 
animals, divided into three sets of four eaeh. Four intact and four 
thyroidectomized rabbits were given thjwoid extract, and four intact 
animals were given thyi-oid extraet and a'drenalin. 

In addition, the clinical manifestations and necropsy observations in 
three goitrous rabbits which xnjr-sued a fatal eour.se of hypeith^'roidi-sm 
after the administration of .small doses of iodine are discussed. 

KESa.r/rs 

Group 1. — Thyroidectomized rabbits. 

Heart: a. Control Section, — ^Thc suriival period was up to one month. 
3Iinor changes occur fairly frequently in the rabbit's myocardium. 
These were round in the control gi'oup, and con.slsted of areas of hyaline 
degeneration >vith vacuoles in .some of the fibers. Foci also occiiired 
in v.hich the cytordusm v:as dense and deeply red. with .shrunken, ir- 
regular, pylaiotie nuclei. These foci occurred in both the right and 
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left ventricles. The changes tended to be more marked in the left than 
in the right. The vessels were normal. Areas of marked loss of cjdo- 
plasm, Ydth fraying out of muscle cells in places at the periphery, were 
obseiwed. The changes were more marked in some than in others. 

1). In the adi’enaliii group the heart weights were Avithin normal lim- 
its. The heart weights as well as the heart weight/ljody Aveight ratios 
AA^ere the same in the adrenalin and in the normal group. The histologic 
changes in this group varied considerably. Tavo shoAA^ed nothing either 
in the myocardium or in the vessels. Three shoAved foci of hyaline de- 
generation; there Avere variations in staining quality of the fibers in 
one; and, in tAvo, the muscle stained more deeply than in the control 
group. One of the three had a focus of l.ymiAhocytic infiltration and small 
patches of early replacement fibrosis, AAdth loose cellular connecth^e tis- 
sue. The left A^'entriele in one shoAved slight hj’-pertrophy. Since the 
left Amitriele of one shoAved onlj' slight hypertrophy, adrenalin in this 
dose over a period of tAventy-six days Avas not enough stimulus for sig- 
nificant hypertrophy. 

c. The heart Aveights of the adrenalin-thyroid giuup Avere absolutely 
increased. In addition, the ratio of heart AA'-eight to body Aveight AA^as 
A’'ery significantly increased. There Avas hypei'trophy of the left A^en- 
triele in every case. In one the hypertrophy was slight; in another, 
moderate; in tAvo, moderate to marked; and, in the fifth, marked. Hy- 
pertrophy of the right ventricle AA'as slight in tAVo and marked in one 
animal. There AA^ere separation of the muscle fibers, increase in loose 
fibrillar connectiA'-e tissue and small round cells, and polAuiuclear or 
round-cell infiltration; one had a subepicardial increase in round and 
spindle cells, small and large patches of replacement fibrosis as Avell as 
diffuse interstitial fibrosis, and young cellular connective tissue. In 
areas,, hypertrophic muscle fibers shoAA’-ed degeneration. Some small and 
medium-sized arteries shoAved medial Inq^ertrophy. One animal gained 
Aveight despite thyroid and adrenalin. In this one, although the heart 
Aveight Avas increased, the heart AA^eight/ljody AA^eight ratio AA'-as only 
moderately eleA'-ated. These changes appeared to occur more readily as 
the animal lost weight due to a severe thyroid effect. The duration of 
treatment played a secondary role in the production of heart muscle 
changes. 

Group 2. — ^Intact animals, half giA'en adrenalin, half adrenalin and 
thyroid extract. 

Hearts: a. Adrenalin-Treated Group. — There Avas some increase in 
heart weight and in heart Aveight/ljody Aveight ratios in the adrenalin- 
treated animals. Of this group the right and left A^entriclcs shoAA'ed 
questionable microscopic fiber hypertrophy in four. There aavis no sig- 
nificant h:^TDertrophy in one, and slight'hypertrophy of both ventricles 
occurred in another, AAuth the fibei-s markedly A’acuolated and granular 
in the right ventricle. The septum was hypertrophied in one AA'hieh had 
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no significant hypertrophy of either ventricle ; of the two animals with 
some hypertrophy or microscopic changes, one had been treated for 
thirty-three, the other for ninety-five, days. Others treated as long as 
eighty days showed no changes and rto hypertrophy. There were focal 
interstitial infiltrations of Ijnnphocjdes, histiocjdes, and plasma cells in 
five of six animals. 

h. Thyroid-Adrenalin-Treated, Gtrowp . — ^Both the heart weights and 
the ratio of heart/body weight were higher in the animals which were 
given adrenalin and thyroid. In the thyroid-adrenalin group, there 
were a good-sized heart and an increase in the heart weight/body weight 
I’atio after twenty-three days of treatment. However, as the experiment 
continued, the animals developed a tolerance to thjToid extract and did 
not lose weight, and in tliese the hearts were not greatly enlarged. One 
animal with an initial weight of 2 kilograms was allowed to gain 50 per 
cent of its weight; despite ninety-five days of treatment with adrenalin 
and th 3 ’-roid extract, the lieart was not hj’pei’trophied. 

Possible hypertropln' of both the right and left ventricles was noted 
in five. No appreciable hypertrophy occurred in another, and, in one, 
tliere was slight to moderate hypertrophy of the left, but no appreci- 
able hjTiertrophj’’ of the right, ventricle. No parallel could be drawn 
between the length of treatment and the degree of hjqiertroplij'. ]\Iod- 
erate left ventricular ln*pertrophy took place in an animal which was 
treated for twenty-three da.vs, but not in one treated for ninety-five 
days. Focal interstitial infiltrations of bnnphocjdes, histioe 3 i:es, and 
occasional eosinophiles and plasma cells were present in five, and foci 
of early replacement fibrosis in three, out of six animals. 

The hearts of the animals which received thjToid and adrenalin were 
indiridually hearier than those which were given adrenalin only. The 
hearts developed hjqiertrophy when the animal not only faded to gain, 
but actually lost, weight. As in the other group, an animal which lost 
20 per cent of its original weight over a twenty-three-daj’' treatment 
period vdth thjHoid and adrenalin showed hj^ieitroph}^ of both ven- 
tricles. Another, treated similarty for ninety-five days, gained 60 per 
cent of its original weight and showed no hjiiertrophj^ of either ventricle. 
It appeared, as in group one, that cardiac hypertrophj^ took place not so 
much from a prolonged effect as from an intensive effect of thjToid 
extract. 

However, the striking featui-e of this material was the difficulty in 
producing significant cardiac hjiiertrophj' in animals which were treated 
for three months or longei*. This fact was in marked contrast to the fir.st 
group of thj'roidectomized animals, which were treated similarty except 
that an aqueous adrenalin solution instead of adrenalin in oil was used, 
plus the fact that in group one the animals were thjT’oidectomized. It 
appeared also tliat tiiyroidectomA- .sen.sitized the animals to thyi-oid 
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extract, for cardiac enlargement was more easily induced in the tliy- 
roideetomized than in the intact anunals. 

Gi'oup 3. — Thyroid-adrenalin treated animals, half thyroidectomized, 
half intact. 

Hearts . — The right ventricle was fonnd enlarged four times, show^ed 
little or no h;\q3ertrop]iy in one instance, and was regarded as normal 
in another. The left ventricle showed more marked clianges; it was 
hypertrophied in every instance; once it showed slight to moderate h}- 
pertrophj’, once, moderate hj’-pertrophy, and four times, slight lijiier- 
trophy. The interventricular septum was examined in three animals. 
Slight hjTDertrophy was found in one, moderate hjTiertrophj^ in another, 
and no hypertrophy in the third. 

Degenerative changes were more striking and seemed to he more prom- 
inent in tlie left ventricle. These were focal interstitial infiltration of 
l}mphoc 5 des and histioe.ytes in all the animals. Early replacement 
fibrosis was seen in one of the thyroidectomized group and four of the 
intact group. 

The early response to treatment was considerable increase in heart 
weight and in heart weight/liody weight ratios. Increase in heart 
weight and in heart weight/liody weight ratios was progressive as the 
treatment period continued. There was, however, a large individual 
reaction to hypertrophy, and no exact correlation could be made between 
the grade of hypertrophy and microscopic changes and the period of 
treatment. It is noteworthy that an animal treated for eighteen da 3 ’s 
showed well-marked changes in lioth ventricles and in the septum. 

In Group 3 it appears that the cardiac changes may have been less 
marked in the th.vroidectomized group. However, loss of weight was 
less in this group. It has alreadj* been stated that the cardiac changes 
appeared proportional to the degree of loss of weight of the animals. 
The intact group had more frequent and greater loss of bod.v weight, 
and the more marked changes in the heart were seen in animals with 
greater loss of weight. 

Group 4 consisted of intact and thyroidectomized animals which re- 
ceived thju’oid extract and intact animals wliich were given thyroid 
extract and adrenalin. The dose of desiccated th.vroid extract and of 
adrenalin in oil was the same as in Groups 2 and 3. Tlie duration of 
treatment was from twenty daj's to more than two months. AH of the 
thjTL’oidectomized group which received tliyroid extract alone showed 
Itypertroplij^ and granular and vacuolar degeneration. One of these 
showed perivascular infiltration, replacement fibrosis, and a few collec- 
tions of Ij'^mphoejdes, eosiuopliiles, and plasma cells. These changes 
were present in both ventricles and in the inteiwentricular septum. 

The group of intact animals which received desiccated th^woid ex- 
tract showed less In^pertrophj" ; one of the four .showed no lijuiertropln* 
and another shoAved slight hypertrophA'. There were granular degenera- 
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tion and slight increase in interstitial tissue in one, and one showed 
slight replacement fibrosis. Both the hypertrophy and degenerative 
changes were less marked than in the thyroideetomized animals. 

The intact animals which received thyroid extract and adrenalin 
showed more marked hypertrophy and degenerative changes than the 
intact animals which were given adrenalin alone. Two had slight, one 
had moderate, and the fourth had moderate to marked, cardiac hyper- 
trophy. Two showed degenerative changes. The one with marked hy- 
pertrophy showed fibrosis, granular and vacuolar degeneration, and in- 
filtrations by fibroblasts. 



Figr. 1. — Photomicrograph of heart mu.scle of thyroid-treated rahhit, showing cardiac 
h3'pertrophy, fibrosis, and cellular infiltration (XlOO). 


In this group thyroidectomy appeared to increase greatly the sen- 
sitivity of the animals to thyroid extract. Thyroid extract produced 
but little change in the hearts of the intact animals, but the intact an- 
imals which received adrenalin in addition to thyroid extract .showed 
significant cardiac h^Tjertrophy, as well as degenerative changes in the 
heart muscle. 
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Three rabbits with spontaneoDs goiter, produced either by a diet 
consisting largely of cabbage or a diet of alfalfa hay and methyl cyanide, 
were studied by Dr. Marine, who kindly permitted us to examine their 
hearts. These goitrous rabbits were tlien treated with potassium iodide, 
and developed fulminating hyperthyroidism which resulted in death 
in a few weelcs from loss of weight, exhaustion, and heart failure. 



Pig. 2. — Photomicrograph of heart muscle of normal rabbit of about same weight, for 

comparison (X240). 


The changes in the heart so resembled those in the animals which 
were given thyroid extract that it was deemed worth while to summarize 
briefly the salient features in the course of these animals. 

The animal which was fed cabbage developed a large, soft goiter, 
measuring 3 by 4 cm. The metabolic rate was much below normal, but 
otherwise there were no symptoms. After three successive daily intra- 
peritoneal injections of potassium iodide in water, the animal rapidly 
showed loss of weight, nervousness, restlessness, a rise in metabolic 
late, and a decrease iii the size of the thyroid gland. Twenty-six days 
after the administration of potassium iodide was started, the animal died 
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of hyperthyroidism. Its original weight was 2,635 grams; at death it 
weighed 1,505 gram.s, a loss of 1,130 gi’ams, or 43 per cent of its body 
weight. The other two were litter mates with exophthalmos and goiter 
caused by the administration of methyl cyanide, A greatly enlarged 
right lobe of the th3a’oid was removed in each case, and potassium iodide 
administered in a dose of 21 mg. in twelve daj^s to one, and 22 mg. in 
eight days to the other. Both developed tachypnea, restlessness, and 
tachycardia, and died two days after the potassium iodide was stopped ; 
one of the two died of congestive heart failure. The weight had de- 
clined in one from 2,490 to 1,755 grams, a loss of 30 per cent of the 
body weight; and, in the other, from 2,314 to 1,642 gram.s, a loss of 29 
per cent of the bod}’’ weight. 

Histologic Ohservations . — The heai-t of one weighed 8.4 Grams (body 
weight, 1,505 gi'ams). The left ventricle was dilated and In'peitrophied, 
but predominantly dilated. Microscopically, there were diffuse, marked, 
myocardial fibrosis, vacuolar and hyaline degeneration, and some edema. 
The heai*t of the second animal of this group weighed 7.4 grams (body 
weight, 1,755 grams). The organ was enlarged and the ventricles were 
hypertrophied; microscopically, the left ventricle showed hypertrophy, 
but no degenerative changes. The light ventiielc showed hypertrophy 
of the muscle cells, which were separated by bluish staining edematous 
material and some areas of cellular infiltration. The heart of the third 
rabbit of this group weighed 9.1 grams (body weight, 1,642 grams). 
The organ was moderately dilated, all chambers were filled with semi- 
clotted blood, and the papillaiy muscles were slightly mottled. ]\Iicro- 
scopieaUy, the right ventrtcle .showed hypertrophy of the muscle fibers, 
vdth degeneration, edema, fibrosis, and some cellular infiltration. The 
left ventricle .showed similar changes, except that they were more marked 
and the fibrosis was greater. 

Chesney, Clawson, and Webstert” observed the development of large 
goiters in rabbits on cabbage diet.s. They found that heat production 
in goitrous rabbits was below normal, and that there was an inverse 
relationship between the size of the thyroid gland and the metabolic rate. 
Marine, Baumann, and Cipra'^'^ shov.'ed that the substance responsible 
for cabbage goiter is probably a cyanide. The extremely small amount 
of iodine which -will cause fatal hyperth}T’oidi.sm in a goitrous rabbit 
is noteworthy. 

In .some rabbits with goiter, Webster and his co-workers^^ observ^ed a 
sudden increase in heat production before death. Some animals showed 
a rise in metabolic rate which was loo great to be accounted for by mere 
loss in body weight. Unlike human.s, who usually show a decrea.se in 
metabolic rate and a gain in body weight after the administration of 
iodine, in goitrous rabbits there is a rise in metabolic rate, with loss 
of body weight and death in a few days. 
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These three animals, despite llic fact that exophthalmos and goiter 
had been present for a long- time, maintained themselres well mitil 
iodine was given. The dose was not large, and, in two, hemithyroidee- 
tomy was performed in an effort to control h^yperthyroidism. The ex- 
cised lobes showed marked enlargement, greatly increased vascularity, 
and marked hj-perplasia, Despite the evidence of involution of the 
thyroid gland after treatment and hemithyroidectomy, small doses of 
iodine produced a rapidly fatal course of InTpertlnu-oidism. 

The counterpart in man is not laeldng, for certain persons develop 
Graves’ disease after the administration of iodine; this is referred to as 
iodine Basedow’s disease. Benign, human, adenomatous goiter ma}^ 
also become toxic on the administration of iodine, and behave like tiT^ieal 
Graves’ disease. Such a course is a direct counterpart of th.c animal 
experiment. However, the fact that goitrous rabbits develop In'per- 
thyroidism when the.v receive iodine, Avhereas humans commonly show 
a fall in metabolic rate, is a noteworthy point of difference. Further- 
more, humans with toxic goiter frequently unprove or are cured after 
subtotal thyroidectomy, but, in two of the three rabbits, hemithyroidee- 
tomy did not lessen the course of fatal hyperthyroidism. 

The changes in the hearts of rabbits with induced hyperthyroidism 
are, however, dilferent from those in humans with Graves’ disease or 
lijqierthyi’oidism. Cardiac hypertrophy in animals is marked, but, in 
humans, cardiac dilatation maj- be marked, but hypertrophy is rare. 
In fact, in human Graves’ disease, when cardiac hypertrophy is found, 
it is usually due to some other cause, most commonly rheumatic heart 
disease or lij’-pertension. Goitrous rabbits probably develop “goiter 
heart,” vuth cardiac hypertrophy, because the large goiter acts as a 
reservoir for blood and acts in the same way as an arteriovenous fi.stula. 
Ill the goitrous rabbits which were given small doses of iodine, fatal 
hyperthyroidism was associated with greatly intensified effects on the 
heart, as evidenced by marked cardiac hypertrophy and myocardial 
changes. 

DISCUSSION 

Thyroid extract inhibits body groivth. At the same time, it causes 
hjqiertrophy of the liver, spleen, Iddneys, adrenals, and heart. Al- 
though Hoskins did not find it always, the groirfh-inhibiting effect of 
thyroid was constant in our material and in that of Cameron and 
Carmichael.® The inhibition of body growth, on the one hand, and hy- 
pertrophy of the heart, on the other, were constant and parallel effects, 
providing the doses of thyroid were large enough. Cardiac In’pertrophy 
and loss of weight could be produced at will, and were directly pro- 
portional to the dose of thyroid. However, after the thyroid bad been 
given for a time, it became much less effective because of the develn-n- 
ment of a tolerance for the drug. 
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In the animals that developed cardiac hypertrophy, wliich at times 
followed treatment with adrenalin alone and %vas common in the ani- 
mals which received botli thyroid and adrenalin, there appeared to he 
a fairly high heart weight/body weight ratio. However, there was a 
fall in the ratio about the third or fourth week of the treatment, Sub- 
sequently, there was a rtse again, Stewart, who prodimed cardiac hy- 
pertrophy by injections of adrenalin, made similar obseiwations, and 
was of the opinion that the early stage of cardiac hypertrophy was due 
to an increase in the content of water, and that, after the third week 
of adrenalin injections, the edema disappeared. Since we observed a 
high heart weight/body weight ratio in the eaily phase of treatment, 
which subsequently became lower and then higher as tieatment was 
continued, it appears that the early phases of cardiac hypertrophy may 
be associated, as Stewart’'* thought, with water retention, and is fol- 
lowed by an increase in muscle mass. However, since the animals which 
wure treated for more than three or four weeks may have developed a 
tolerance to thyroid extract, this factor, rather than alteration in water 
content of the myocardium, may e.xplain the later reduction in the heart 
weight/body weight ratio. 

The two recognized mews concerning the pathogenesis of cardiac 
h 3 T)ertrophy are that it is caused by work or tissue injuiy. Adrenalin 
and thyroid can induce hj'pertrophy from a physiologic point of view by 
increasing work, as well as by ti.ssue injurj'. There was no exact rela- 
tionship of heart weight and tissue injurj' to the duration of treatment. 
Xevertheless, the extent of myocardial damage and h\*pertrophy was 
greater in the animals in which an intense th^Toid effect was obtained, 
especially if it Avas maintained over a long period of lime. Tachycardia, 
anoxemia, and thickness of muscle fibeis may also rday a role. Since 
both thjmoid and adrenalin caused myocardial fibrosis and hypertrophy, 
it is undeniable that the histologic changes may be the direct result of 
the treatment, independent of hypertrophy. ^Myocardial scarring may 
be the result, or the cause, of cardiac hAmertrophy. It is interesting 
that Simonds and Brande.s'’ obsen'ed cardiac hypertrophy in animals 
that had lost 2,5 to 35 per cent of their body Aveight, When the body 
Aveight loss aaus gi'eater, the heart lost .some of the AA’cight it had gained 
as a result of hAqoertrophy. 

Ha.shimoto'* obserA'cd dilatation, especially of the right A'cntriele, in 
thyroid-fed rats; this AA'as more marked in the male animals. Although 
AA'e agree in large part AAith him, aa'c, like Simonds and Brandes, observ'cd, 
in contradistinction to his re.s-ults, that the left A'cntricle Avas more af- 
fected than the right. In fact, AA'hen the right Ax-ntricle shoAA'ed mu.scle 
hj-pertrophy, fibrosis, or infiltration of different tA'pes of cells, the 
changes Avere usually present and more marked in the left. When h}-- 
pertrophy or fibrosis aaus minimal, cardiac bypertrop^hA” AA’as often lim- 
ited to the left ventricle. 
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In the animals in this series wliicli showed loss of body weight, the actu- 
al weights of the hearts, as well as the heart weight/hody weight ratios, 
were high. On the other hand, in the animals which did not lose much 
weight, or actually gained weight, the heart weights were not signifi- 
cantly increased, the heart weight/ljody weight ratios were not high, 
and histologic changes in the hearts were not marked. These observa- 
tions corroiiorate the view that it is the intensity of treatment ndth 
thju’oid extract that is responsible for the degree of cardiac hypertrophy 
and the severity of the associated histologic changes. 

Brow, Pearce, and Van Allen^^ ascertained organ weights and their 
ratios to body weights in a large number of nonnal rabbits. We have 
made a similar study (Table II) in a comparable series. They found 
that the ratios of heart weight to bod.y weight were from 0.202 to 0.282 ; 
the majority were about 0.230. Our observations were roughly similar. 
It is notCAVorthy that, in our animals in AAdiich the tln*roid effect Avas 

T.able II 

Boby Weights, Heart Weights, anp Heart Weight/Body Weight R.atios of 

Babbits of Various Boby Weights 


BOBA' AA-EIGHT HE.VRT ALIGHT HEART WT./BOBY AVT. RATIO 


142G 

Under 1500 Gm. 

3.6 

0.250 

1977 

1500-2000 Gra. 

5.9 

0.282 

1712 


3.6 

0.210 

1735 


4.8 

0.277 

1998 


5.1 

0.255 

1660 


4.9 

0.295 

2233 

2000-2500 Gra. 

5.4 

0.242 

2062 


5.3 

0.257 

2203 


4.7 

0.213 

2256 


4.5 

0.200 

2208 


4.0 

0.181 

2130 


5.1 

0.239 

2297 


4.6 

0.200 

2105 


5.4 

0.256 

2100 


5.3 

0.252 

2242 


5.4 

0.241 

2287 


5.0 

0.219 

2396 


5.8 

0.242 

2451 


6.1 

0.249 

2564 

2500-3000 Gra. 

5.2 

0.203 

2574 


6.0 

0.234 

2710 


6.1 

0.225 

2650 


6.3 

0.237 

2S00 


6.4 

0.228 

2888 


6.0 

0.208 

2595 


4.8 

0.185 

2671 


6.3 

0.236 

2896 


4.5 

0.155 

2702 


3.6 

0.133 

2772 


6.2 

0.220 

2570 


5.4 

0.210 

3150 

Over 3000 Gra. 

8.1 

0.256 

3450 


8.2 

0.237 
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mai’ked, there was an increase in heart weights, and the ratios of the 
heart weights to body weights were much higher than these figures. 

Corroborative evidence to show lliat these data represent an intrinsic 
increase in heart weight due to cardiac hypertrophy are available from 
starvation experiments. Voit^® found that the lieart of a cat lost only 
3 per cent of its weight during such an experiment, whereas other or- 
gans lost much more. Morgulis,^^ however, feels that Voit’s*’ results 
are open to question because thej' have not been confirmed by other 
investigators. From Morgulis’^'* tabulation of many investigations on 
various animals, it is evident that the proportion of heart weight to 
body weight after' starvation is higher than in the normal animal, in- 
dicating that the heart loses less than other organs. Nevertheless, the 
dispropoidionately smaller- loss of the heart as compared to other or- 
gans does not explain the high heard weighl/body weight ratios in our 
animals. 

Simonds and Brandes'^ made calculations from the data of Junkers- 
dor-f^® on .starved dogs, and found a correlation between body weight 
and heart weight in normal animals and, al-so, that the coefficient of 
correlation between heart weight and final body weight in starvation 
was only slightly less than normal, indicating that in starwation the 
heart loses weight in almost the .same proportion as the body as a whole. 
Since both the hear-t weights and the heart weight/body weight ratios 
were increased in our animals, we may say that they were not increased 
merely from inanition. If we assume that the heart does not lose weight 
as rapidly as the rest of the body, a high heart weight/body weight ratio 
is explicable, but this would not account for the actual incr'ea.se in the 
heart weights of our thjToid-treated animals. Simonds and Brandas'^ 
.showed that, in experimental hyperthjToidism in dogs, the mean, mini- 
mum, and maximum heart weight to final body weight ratios were con- 
siderably higher than in stamped dogs. They also showed that the co- 
efficient of correlation between heaH weight and final body weight v/as 
le.ss in experimental In'perthyroidi.sm, indicating that the heart does not 
lo.se to the same extent as the rest of the body. This failure of the heart 
to lose is due to actual hypeilrophy of the heart cmised by thyroid 
extract or a combination of tln-roid extract and adrenalin. 

SU-IIJIARY 

Adrenalin in oily or watery solution, alone and in combination vnth 
thyroid extract, was administered to thyroidectomixed and intact rab- 
bits over varjdng periods of time. It ivas not po.ssible to produce more 
than slight cardiac hypertrophy' and myocardial degeneration with 
adrenalin, but the synergism between thyroid and adrenalin resulted 
in much more marked cardiac liyyiertrophy, myocardial fibro.sfs, and 
infiltrative lesions. 
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Thyroidectomy appeai’ed to sensitize the animals to the effects of 
thyroid extract. Cardiac hj^Dertrophy and myocardial damage were 
more marked in the thyroidectomized than in the intact animals which 
received thjH-oid, or thjn'oid and adrenalin. Treatment with an aqueous 
solution of adrenalin and thju'oid resulted in much more marked effects 
on tlie heart than tlie slower, more prolonged, oily adrenalin solution 
and thyroid extract. 

Cardiac hypertrophj'' is contingent, not so much on a prolonged, as on 
an intense, effect of thyroid extract which is associated not only with 
a failure to gain, hut is accompanied hy a loss of about 25 per cent or 
more of the original bodj’- weight. Wlien cardiac hjqiertrophy develoiis, 
there is an earlj^ rise in the heart weight/liody weight ratio. A^Hiether 
there was, as Stewart thought, an initial rise in heart weight caused by 
fluid retention, folloAved by an increase in muscle mass, is not possible 
to state. In our animals which were alloAved after three or four Aveeks 
of treatment to maintain, rather than forced to lose, AA'eight, there Avas 
a fall of the heart to body Aveiglit ratio. We believe that the fall in 
ratio after an initial rise was not necessarilj'- caused by edema of the 
heart folloAved by an increase in the muscle mass. The fall may liaA^e 
been due to the fact that the thyroid effect was not intense enough to 
stimulate the development of cardiac hypertrophy. 

A tolerance is quickly dcA^eloped to thju’oid extract in fair!}’- large 
doses, and, AAden the effects of the drug have disappeared, they can be 
restored, as desired, by increasing the dose. 

The clinical course of, and necropsy observations on, three rabbits 
Avith cabbage goiter, AA^hich developed fatal hyperthyroidism after small 
doses of iodine, are discussed. Although hemithyroidectomy A\’’as per- 
formed in tAA'^o instances, and iodine AA-^as stopped in all three cases, the 
alteration from hypothyroidism to hyperthyroidism AAms rapidly fatal 
in all. 

We wisli to aclmowledge our indebtedness to Dr. David ^Marine and Dr. Samuel 
H. Bosen for operating on the animals and for much iielp vith all the experiments, 
and to Dr. Louis Leiter for suggestions in the preparation of this paper. 
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THE PRESENCE OF ELECTROCARDIOGRAPHIC CHANGES IN 
NICOTINIC ACID DEFICIENCY AND THEIR ELDHNATION 

BY NICOTINIC ACID 

51. RAcmnLEwnTz, 5I.D,, and K. Braun, 5I.D. 

Jerusalem 

T he onh’- vitamin deficiency so far known to be associated with 
cardiovascular disturbances is that of vitamin B^, e.g., beriberi heart 
disease, which is manifested bj* cardiac enlargement and heart failure. 
Cardiac insufficiency caused by vitamin B^ deficieney maj' occur also in 
alcoholic addicts, together voth other manifestations of avitaminosis B^ 
(Weiss and Wilkins^). In such cases, vitamin B^ administration 
promptly results in clearing up the cardiac failure and in a decrease 
in the size of the heart. 

Cardiovascular sjnnptoms have also been observed in another t 3 T)e of 
B avitaminosis, namely, pellagra, particularly in the acute form. The 
symptoms consist mainly of dyspnea on exertion and palpitation. 
Cardiac enlargement and failure are not, however, mentioned as a 
special feature of pellagra. Electrocardiographic studies in pellagra 
have disclosed abnormalities in a large percentage of cases, consisting 
mainty in alteration of the S-T segment and inversion of the T wave 
(Feil-). Since, in deficiency* diseases in man, several factors of the 
vitamin B complex may be lacking simultaneously, and since vitamin 
Bi deficiency is loiown to be associated vith changes in the electro- 
cardiogram, the electrocardiographic changes found in pellagra were 
attributed to B^ deficienc 3 ^ 5Iainzer and Krause® found a high incidence 
of abnormal electrocardiograms in pellagrins in Egypt, but believed that 
these changes were not characteristic of pellagra, and that their occur- 
rence was not sufficient to conclude that they are caused by deficiency 
of nicotinic acid. As there was a parallelism between the course of the 
disease and the electroeardiograi^hic changes, which disappeared rapidly 
in one case after nicotinic acid therapy, they assumed that a causal rela- 
tionship may* exist betyy'cen these changes and the pellagi’a. 

Ill this paper yve report the effect of nicotinic acid on the electro- 
cardiograms in tyvo cases of nicotinic acid deficiency. Both patients 
presented the ty^pical picture of pellagra, including pellagra dermatitis, 
and responded to treatment. A year later in one ease, and six months 
later in the other ease, all of the visceral manifestations of pellagra re- 
appeared, but pellagra dermatitis was absent. In both cases there yvere 
marked abnormalities in the electrocardiograms, and in both instances 
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a series of experiments was eaiTied out to ascertain whether or not the 
nicotinic acid had a specific effect on the e1eci,rocardiographic changes. 

REPORT OF CASES 

Case 1. — A 30-year-old woman who had been suffering from repeated 
attacks of diarrhea for many months Avas admitted in a state of severe 
deficiency. She had stomatitis, glossitis, severe diarrhea, marked anemia, 
and mental disturbances. There was marked edema of the lower ex- 
tremities, as Avell as neuiitie manifestations. The patient complained 
of palpitation and preeordial pain. The heart was normal in size, and 
there Were no signs of cardiac insufficiency. The heart sounds were 
feeble,- the puLse rate accelerated, and the blood pressure, 110/80. 



Fig-. lA. Fig. IB. 

Fig. lA. — Electrocardiogram taken before treatment. Plat Ti and inverted T wave 
m L.eads II, HI, and IV. 

— After six days of treatment with nicotinic acid. T wave in Leads II. 
Ill, and lA^ slightly inverted. 


The first electrocardiogram (Fig. lA) shoAved marked changes, namely, 
a flat Tj and an inverted T„, Tg, and T^. The patient Avas given an 
ordinary diet, plus 500 mg. of nicotinic acid daily by mouth. Her mental 
sjTnptoms, stomatitis, and glossitis responded promptly; also, the diar- 
rhea diminished in severity. An electrocardiogram taken six days after 
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the beginning of treatment (Fig, IB) showed marked improvement. The 
T waves were now only slightly depressed in Leads II and III, and not 
inverted as before. Nicotinic acid was now discontinued, and, during 
the foUo'wing five days, onl}" vitamin was given (40 mg. daily, in- 
travenously). This change in treatment was followed by an increase in 
diuresis and subsidence of the edema, but the mental and gastro- 
intestinal disturbances became worse. Anotlier electrocardiogram (Fig. 
1C) disclosed that the abnormalities which were present on admission 



Fig. 10. Fig. in. 

Fig. IC. — Nicotinic acid discontinued. Only Bi, 40 mg. daily, given. Electrocardio- 
graphic changes similar to Fig. lA. 

Fig. in. — ^After fourteen days of renewed nicotinic acid administration, practically 
normal electrocardiogram. 


had reappeared. Nicotinic acid was again given, vuth tlie result that, a 
fortnight later, a practically noimal tracing was obtained. Tlie T waves 
became positive in Leads I, II, and 11% and isoelectric in Lead III (Fig. 
U)). Intercurrent infections repeatedly exacerbated the deficiency 
state, in spite of continuous nicotinic acid administration. These exacer- 
bations and the improvement wliieh followed tlicm were reflected in the 
subsequent electrocardiograms. 

Case 2. — The patient was a 50-year-oid man wJio was suffering from 
intestinal amebiasis. The fii-st attack occurred in tlie summer of 1941. 
After three montlis of continuous diarrhea, tlie patient developed the 
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typical signs of pellagra ; the latter responded promptly to nicotinic acid. 
In February, 1942, he again had an attack of diarrhea, which, after one 
month, produced a severe deficiency state. The patient was readmitted 
to the hospital March 26. This time all the visceral manifestations of 
nicotinic acid deficiency were present, particularly gastrointestinal and 
mental disturbances, but no cutaneous lesions wcj’c prasent. The patient 
was emaciated and dehydrated. The pulse was .slow and feeble, the heart 
sounds dull. The heart was noianal in size, both on clinical and fluoro- 
scopic examination. The blood pre.ssure was 85/80. There were no signs 




Fjp. 2A. 



Vis. 2A. — Marked change.? in the T wave in all lead?. 

Fig. 2B . — ^After six days of treatment with nicotinic acid, electroc/xrdfogram normal. 


of heart failure and no edema was present. The electrocardiogram, how- 
ever, disclosed pronounced changes in the T waves in all leads (Fig. 
2A). The patient was first given a continuous intravenous infu.sion of 
saline (4 litera in three days). His condition improved noticeably, al- 
though the diarrhea continued and the condition of the tongue and 
rnouth did not change. The second electrocardiogram, made March 31, 
showed the same changes as before. Nicotinic acid treatment "was now 
patient w'as given 500 mg. of nicotinic acid by mouth and 
lUU mg. nTtravenou.sly for fdx day.s, together -with an ordinary mixed 
aiet. At the end of this period the diarrhea stopped completely* and the 
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appearance of the mucous membrane of the tongue and the buccal parts 
of the lips improved considerably, although he still complained of sore- 
ness and a burning sensation. The electrocardiogram made on April 7 
(Fig. 2B) was perfectly normal. The T waves had become upright in all 
leads. The patient remained in good condition in spite of ^seontinued 
medication, and his electrocardiograms also remained normal. Thus, in 
this ease as in the preceding one, the administration of nicotinic acid had 
a prompt and definite effect on the heart, as evidenced by the electro- 
cardiograms. 

COJEMENT 

Therapeutic tests in our cases justify tJie conclusion that tlic electro- 
cardiographic changes which occur in pellagra are due siieeifically to 
nicotinic acid deficiency. In both cases the changes in the electro- 
cardiogram were shovm to be reversible. 

What explanation can be offered for the direct effect of nicotinic acid 
on the heart? 

Nicotinic acid is laiown to produce vasodilatation of the skin, as in- 
dicated by flushing m various parts of the bodj’^ after administration 
of this drug. It is conceivable that nicotinic acid Jias the same effect on 
the coronary vessels, thus increasing the blood supply of the heart. But 
it is doubtful whether blood vessels of idsceral organs are at all affected 
by nicotinic acid. Investigations have shown that the blood flow tlirough 
the brain is liardl}' increased by this substance,"* although the pial ves- 
sels were found to be dilated.® Furthei’more, the vasodilator action 
of nicotinic acid is, in general, transient in character; flushing of the 
skin usually disappears vdthin half an hour.® It seems likely, therefore, 
that the influence of nicotinic acid on the electrocardiograpliic changes 
is due to some more fundamental action. 

The most conspicuous changes produced in the electrocardiogram by 
nicotinic acid w^ere obseiwed in the T wave. Inasmuch as metabolic 
changes in the heart muscle are reflected in tlie T wave (anoxemia, thj’-- 
roid deficiency, and avitaminosis BJ, any factor affecting the metabolism 
of the heart muscle may affect also the character of the T wave. 

Nicotinic acid is the chemically active fraction of the coenzymes whieli 
are essential for the intermediate metabolism of carbohydrates. A 
marked diminution of coenzyme I in the striated muscle of human sub- 
jects, produced by deficiency of nicotinic acid, was recently reported by 
Axelrod, Spies, and Elvehjem," who assume that the decrease in the 
coenzyme content may affect the ability of the human muscle to carry 
out its oxidative function. The symptoms and signs of a-vntaminosis 
are regarded as the results of chemical disturbances of cellular function 
due to failure of coenzjmie (Sydenstrickcr®). It seems logical, there- 
fore, to assume that an altered metabolic state of the heart is due to 
coenzyme deficiency; the resulting changes are reversible, i.e., they dis- 
appear promptly after the administration of nicotinic acid. 
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SUMMARY 

Two cases of nicotinic acid deficienej’ arc reported; in both there 
were marked ehanges in the eleetroeardiograms, particularly in the T 
w'aves. Nicotinic acid administration resulted in prompt improvement 
in the nature of the electrocardiographic pattern, thus suggesting a 
specific effect of nicotinic acid on the heart, most probably the heart 
muscle. 
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A-V BLOCK IN A-V NODAL EHYTHM 


E. Langendorf, ]\r.D., A. J. SnroK, M.D., and L. N. Katz, M.D. 

Chicago, III, 

A UEICULOVENTEICULAE rliytliin (A-V nodal rlivthm) is that 
rlijd;hni in idiicli the pacemaker controlling: the entire heart resides 
in the A-Y nodal tissue. A-Y nodal rlndhni was recognized and classi- 
fied as upper, middle, and lower nodal rhythm as a result of animal 
experiments^-® which demonstrated that the time relationship of auricu- 
lar and ventricular activity depended on tlie site of impulse formation 
vdthin the A-Y node. 

In the human electrocardiogram the diagnosis of A-Y nodal rhj'fhm 
is made on the basis of the P-R duration and the pattern and direction 
of the P wave. The P-E interval may vary from 0.12 second'^ to a 
negative value (an E-P interval). The P wa\'e, which is of retrograde 
character, tends to be inverted in Leads II and III, and small and up- 
right in Lead I.® In exceptional instances, an upright P wave oceui-s 
in all the limb leads, vith a P-E interval of less than 0.12 second; sueli 
rhythms are classified as A-Y nodal rhjfihm.®’ In these cases the 
pacemakers must be located closer to the ventricles than the sinus node, 
presumably in the A-Y node ; otherwise, we must assume that a special, 
fast-conducting path exists between the sinus pacemaker and the ven- 
tricles, If these are A-Y nodal in origin, the absence of a reti’ograde 
pattern could be due to intra-auidcular block, making tlie path resemble 
that of sinus beats, or to the fact that the part of the A-V node which 
gives rise to the beat lies in such a position with respect to the sinus 
node as to lead to a spread in the auricles similar to that from the sinus 
node. Tills latter and more likely possibility could applj- only to those 
strands of the A-Y node which surround the coronary sinus and lie to 
its right. It is for this reason that this type of nodal rhythm has been 
regarded by us as exemplifying so-called coronaiy nodal rhythm. 0th- 
ergii. 12 have attributed such rhythms to pacemakers in dispersed islets 
of specific muscular tissue in the auricles. There are annual experiments 
to show that the P ivave in A-Y nodal rhythm need not be inverted,^® 
and that inverted P waves may occur in sinus rhythm with intra- 
auricular block.“- A special group of cases has been described as 
coronary sinus nodal rhythm^® when P is inverted and P-E is longer 
than 0.12 second, but the experimental evidence for this classification 
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*We are excluding from this discussion cases of short P-R and prolonged QRS of 
the type described by "Wolff, Parkinson, and ■\^^lite,' which have been given various 
interpretations. 
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has been questioned.^' ‘Wenckebach and Winterberg” believe that it is 
impossible to separate the different portions of the A-V node function- 
ally or anatomiealljL They follow the terminologj’- of Clerc and PezzP® 
in classifying both upper nodal, and so-called coronarj^ nodal, rhythms 
as supranodal rhythm. 

In most classifications of nodal rhj’-thm. the a.ssumption is made that 
the impulse .spreads at nonnal .speed toward both the auricles and ven- 


A B 




L— In segment A, lyjad 1 shows an upright P wave preceding the QRS (P-B 



T O, takfin five months after A, bHov/h an upriKht P v/ave 

T« v.'ith a P-R interval of 0.21 second and an averag^e rate of 62. 

ventricular complexes are preceded by an upright P v/ave. 
f. Hc-cond; follovdng this, the P wave is inverted and the P-R in- 


terval 0.1 G second. Discussed in text. 
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tricles from the site of impulse formation. Evidence has accumulated, 
both in animal experiments^^’ and in the anal3^sis of human electro- 
cardiograms,"'^’ that delaj^, or even complete blockage, of the A-Y 
nodal impulse on its waj^ to the ventricles (antegrade block) or on its 
waj’^ to the auricles (retrograde block) occurs. It is evident that, undei 
these circumstances, the usual criteria for the diagnosis and classification 

A B 



Fifr. 2.— In segment A, taken five weeks after Fig. 1, C, the QRS duration was 0 1’ 
inyerted P wave follo^ving the QRS at an R-P interval of 0 1 ^^econd 
is seen in all limb leads. The rate is 72. Segment Bj taken two davs after A showc 
an inverted P wave in Leads II and III preceding- the QRS at a P-R interval ^of 0 i fi 

firs- 6 g" feVsedl/teSr 0?i‘aS''c‘p-f ThI 
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of A-V nodal rhythm need not app] 3 ^®' In this report, a series of 
electrocardiograms is presented to illustrate this fact. ' 

The records were obtained on a 49-ycar-old white man who had been 
suffering from attacks of angina pectoris for two years prior to his entry 
into the hospital in April, 1942. The electrocardiograms presented in 
Figs. 1 and 2 were taken over a period of seven raonlbs, and the last 
one. Fig. 2, B, was taken forty-eight hours before the patient’s death. 
Antop.sy revealed severe sclerosis and narrowing of both left and right 
coronary arteries, with recent, exten.sive infarelion of the left ventricle 
and interventricular septum. 

The mechanism in Fig. 1, B is obviously sinus rhythm, with first 
degree A-V block. Fig. 1, A and C shows the transition from upright P 
waves, vnth P-E prolonged to 0.21 and 0.22 second, to inverted P waves 
with P-E intervals of 0.18 and 0.16 .second; the upright P waves in Fig. 
1, G re.semble tho.se of corresponding leads in Fig. 1, B. It seems logical, 
therefore, to conclude that Fig. 1, A and C is an example of tran.sition 
from sinus to A-V nodal rhythm in the presence of first degree A-V block. 
In this instance, the long P-E intervals which follow the inverted P 
waves in Leads II and III, 0.18 and 0.16 .second, respectively, are there- 
fore due to the A-V block in the presence of A-V nodal rhythm, and not 
to, the alternative explanation, sinus jliylhm with intra-aurieular block 
of such a nature as to inveif the P waves. 

The inverted P waves in Pig. 2, B re.semble those in Pig. 1, A and C, 
and the P-E interval is of the same ordei*, i.e., 0.16 second. It is there- 
fore apparent that the heart, at the time Pig. 2, B was recorded, was 
controlled by a subsidiary pacemaker in the A-V node; prolongation of 
the P-E interval beyond the accepted upper limit for A-V nodal rhj’thm 
again re.sults from A-V block, as it did when tracings 1, A and C were 
recorded. This suggests that eveiy instance of a rliythm with sharply 
inverted P waves in Leads II and III, accompanied by a P-E inteiwal 
of more than 0.12 second, represents A-V nodal rlij-thm with A-V block, 
rather than sinus rhythm with intra-aurieular block. 

>Sinee the P-E interval in A-V nodal rhythm may be longer than 0.12 
second, the subdivisions of A-V nodal rhjdhm may not be justified; 
antegrade or retrogj’ade block can lead to different P-E inteiwals as 
readily as can different locations of the pacemaker in the A-V node 
(Fig. 3). In A-V nodal rhythm the P-E interval is, of course, equal 
to the conduction time from the pacemaker to the auricle.s, le.ss that 
from the pacemaker to the ventricles. A positive P-E means that the 
antegrade conduction time exceeds the retrograde, and a negative P-E 
(an E-P interval) means the reverse. Eegardless of the location of 
the A-V nodal pacemaker, block below it may lead to a positive P-E in- 
terval, and block above it may lead to a negative P-E interval. In fact, 
complete block above the A-V nodal pacemaker would abolish retrograde 
P waves; the auricles would be at a .stand.sLH or under the control of 
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some other pacemaker. The assumption in this, as in other forms of 
A-V nodal rhythm, is that the sinus node is inactive or that its impulse 
cannot get through an S-A block. Likewise, in complete block below the 
A-V nodal pacemaker, there would arise a most peculiar condition, with 
the auricles under the control of the A-V nodal pacemaker and the 
ventricles under the control of another (idioventricular) pacemaker. 

Furthermore, if first degree blocks exist both above and below the 
A-V nodal pacemaker, their relative severities will determine the position 
of P ^vith regard to QES (Fig. 3). In our particular ease, the simplest 
explanation is that the prolonged P-E interval in tlie records with A-V 
nodal rhythm was caused bj' IdIocIc in the A-V junctional tissues, ex- 
clusively or predominantly below the site of nodal impulse formation. 


S-A NODEh— 

auricle! i 

AV NQDEfV 
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Pig. 3. — Diagram illustrating effect of A-V block on A-V nodal rhythm. A repre- 
sents sinus rhythm ; B, A-V nodal rhythm so located tliat the impulse reaches au- 
ricles and ventricles simultaneously. G, D, E, and F represent A-V nodal rhythm 
originating in the same site as B, but with A-V block present. In C, the block is in- 
complete and located below the pacemaker; in B, it is above the pacemalvcr; in E, 
it is both above and below the pacemaker and of such degree that the impulse reaches 
the auricles and ventricles simultaneously. In F, the block is above the pacemaker 
and is complete. Diagrammatically, in each segment the pattern of spread is indi- 
cated above (arrows showing direction) and the electrocardiogram below. In the 
upper part, the various parts of the heart tlirough which the impulse may spread are 
indicated by labeling at the left, the horizontal lines serve to separate these, and 
their intersection by the inclined lines indicates the time the impulse arrives at each 
region. Dots show location of pacemaker: inclination of lines leading from it shows 
tile rate of conduction. In the electrocardiogram, P, QRS, and T are labeled, and 
the letter R is used to indicate QRS. The inverted p w-ave indicates retrograde P ; 
where P coincides with QRS this is indicated by R (+P). Discussed in text. 


It is necessary to account for the fact that, in Fig. 1, A and G, the 
P-E interval of the A-V nodal rhythm is shorter than that of the sinus 
rhythm. Of the three factors here involved, two depend 6n the fact 
that all measurements of P-E express the relation between the onset 
of stimulation of the auricles and that of the ventricles. The first of 
these rests more specifically on the fact that the sinus impulse traverses 
the A-V junction only in the antegrade direction, whereas the A-Y 
nodal impulse travels in part in a retrograde direction. In sinus rhythm 
the P-E is the sum of the time intervals occupied by the impulse while 
it is traveling from the auricle to the point where the A-V nodal pace- 
maker may arise, and from this site to the ventricles. In A-V nodal 
rhythm it is equal to the difference between these tivo hitervals The 
second factor depends on the fact that the sinus impulse must travei-se 
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the auricles, in part, before reaching the region of the A-V node and 
passing on to stimulate the ventricles. This part of the intra-aurieular 
conduction time is omitted in the measurement of P-R in retrograde 
stimulation from the A-V node (Fig. 3). This period measures 0.035 
second in the dog,^®> and is probably longer in the human heart. The 
different speed of conduction through A-V nodal tissues in antegrade 
and retrograde directions constitutes the third factor. In the mam- 
malian heart it is assumed that, under normal conditions, retrogi’ade con- 
duction through the A-V nodal tissues is sloAver than antegrade con- 
duction. This is supported by the clinical experience that R-P inter- 
vals of 0.16 to 0.19 second are more frequently observed in A-V nodal 
rhythm than are P-R intervals longer than 0.12 second. Of these three 
time factors Avhich determine the difference between sinus and A-V nodal 
P-R duration, the intra-aurieular conduction time is obviously inde- 
pendent of the site of origin of A-V nodal rhythm, whereas the influence 
of the other two, intrajunctional and retarded retrograde conduction, 
will vary according to the site of the pacemaker vdthin the A-V nodal 
tissues. 

Pig. 2, A requires special consideration. If one assumes that the 
site of impulse formation is the .same as that in ‘Fig. 2, R, the R-P in- 
terval must be explained by a .shift of the block to a location above this 
site ; or, if block existed both above and below the nodal pacemaker, the 
one above has now become dominant. The prolonged QRS must be ex- 
plained by the existence of an additional region of block in the path to 
one of the bundle branch .systems. There is an alternative and simpler 
explanation for Pig. 2, A, namely, that the pacemaker has shifted to a 
region below the bifurcation of the common bundle, A\nth consequent 
aberrant spread to the ventricles and retrograde conduction to the 
auricles. The R-P interval in Pig. 2, A measures 0.16 second, and Avould 
correspond at most to a P-R of 0.20 second in the case of sinus rhythm, 
if correction is made for the intra-aurieular time factor (but not for 
slower retrograde conduction). 

A-V nodal rhythm Avith A-V block can be diagnosed Avhen P-R is 
greater than plus 0.12 or minus 0.19® second and the characteristic 
retrograde P-AAmve pattern is present. It does not folloAAq hoAA^ever, that 
A-V block is absent AAhen P-R intei-vals betAA’een plus 0.12 and minus 
0.19 second are found, for it is quite possible that block may exist aboA’^e 
and beloAv the A-V nodal pacemaker Asuthout either one predominating 
(Pig. 3), or that the .site of block and the site of impulse formation 
are such as to neutralize each other in their effect upon the re.sultant 
P-R inteiwal. 

‘These figures for the llmlt.s of P-K in A-V noclal riiythm. beyond which A-V block 
assumed to be present, may not be accurate. Their precise values cqula oe 
established if it were possible to ascertain (a) the shortest time for reiro&rade cen- 
Impulse orl*?inates in the uppermost region of the A-V node, (b; 

Bhoi^st time for antegrade conduction when the impulse originates In the lower- 
*5 the A-V node, and (c) the normal retardation of retrograde conduc- 
tion v/hen the impulse originates in the lowermost portion of the A-V node. 
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SIBIMARY AND CONCLUSIONS 

1. A case is presented in wliieli electrocardiograms that were taken 
over a period of seven months showed e^^denee of impaired A-V con- 
duction. Comparison of records showing sinus rhythm with records 
showing a rhythm with retrograde P waves and a P-R longer than 0.12 
second led to the diagnosis of A-V nodal rhythm vdth A-V block. 

2. The effect of first degree A-V block on a rhythm originating in 
the A-V node is discussed. It is pointed out that the position of P 
"with respect to QRS in A-V nodal rliA’thm is determined by two factors, 
namely, (a) the site of impulse formation in the A-V node, and (b) the 
speed of impulse conduction above and below the pacemaker. 

3. The classification of A-V nodal rhythm as upper, middle, and lower 
nodal rhythm is not appliealile in the presence of A-V block. Depres- 

'sion above the nodal pacemaker (retrograde block) will shorten the P-R 
interval and tend to convert it into an R-P interval; depression below 
the nodal pacemaker' (antegrade block) will prolong P-R and tend to 
convert an R-P into a P-R interval. 

4. The pattern of retrograde conduction (deeply inverted Po and P^, 
with small P^) appears to be suffieientlj^ characteristic to warrant a diag- 
nosis of A-V nodal rhythm even when the P-R interval is longer than 
0.12 second, 

5. Corrections must be made for intra-auricular conduction time and 
for retarded retrograde conduction in comparing the P-R of sinus 
rliythm with the P-R (R-P) of nodal or idioventricular rhjdhm; and, 
in nodal rlndhm, corrections must be made for a third time factor, al- 
lovdng for impulse spread in botli directions before inscription of P 
or QRS. 

6. In the presence of the pattern of rclrogi’ade conduction to the 
auricles, a P-R over 0.12 or an R-P over 0.19 second indicates A-V block ; 
however, a P-R or R-P of shorter duration does not necessarily indi- 
cate absence of A-V block. Thus, localization of the pacemaker to a dis- 
tinct portion of the A-V node based on the relationship of P to QRS 
may be fallacious. 

7. The above conclusions regarding rhjffhms originating in the A-V 
nodal or ventricular tissues are also applicable to single beats originat- 
ing in these same sites. 
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ATYPICAL COAPCTATION OP THE AORTA, WITH ABSENCE 
OP THE LEPT RADIAL PULSE 

A. M.D., M. L. Sussil\n, M.D., akd M. P. Steinberg, M.D. 

New York, N. Y. 

« Q 0 ]\IUCH has lieen said and written about coarctation of the aorta, 
that new records of eases can hare little value unless thej' reveal 
new features of interest and importance to the study of the condition.” 
With these words. Sir Thomas Lewis began his excellent article about 
coarctation, in 1933.^ The clinical picture of this congenital abnormal- 
ity has become well Imoivn, so that its diagnosis is made rather fre- 
quently during life.-'^ 

Anatomically, coarctation consists of a narrowing, stenosis, or com- 
plete atresia of the istlunus of the aorta, usuall}' Ijeyond the origin of the 
subclavian artery and involving its orifice, but sometimes situated prox- 
imal to its origin. Coarctation usually does not occur as a very localized 
narrowing of the aoria. Ordinarily, the wall is involved to an extent of 
1 to 3 inches, or even more. 

The clinical picture depends upon the degree of the obstruction of the 
thoracic aorta and the development of compensatory collateral cir- 
culation. It follows that the signs are vascular, rather than cardiac. 
Retardation, with diminution or absence, of pulsation in the femoral 
artery, a lowered blood pressure in the lower extremities, and hy- 
pertension in the upper part of the body are the most important 
diagnostic signs of coarctation. These abnormalities are pathognomonic 
when they occur in combination mth tortuous, dilated, pulsating vessels 
in the neck and thorax. Prequently, but not always, scalloping of the 
ribs is present as a result of pressure by the dilated intercostal arteries. 
When the diagnosis is considered, it can be established easih^ When 
there is no discrepanc 3 ' in the blood pressures in the upper and lower 
extremities and the femoral pulse is not diminished, the diagnosis be- 
comes difficult, if not impossible, unless sjjecial methods of examination 
are emplo 5 ’’ed. 

We imesent three cases of anatomic coarctation of the aorta in which 
the sjTuptomatologj^ differed so considerably from the common type 
that it is described as atypical coarctation of the aorta. 

Case 1 (M. M., 1724:89). — ^This was the fii-st admission of this 18-year- 
old schoolgiil to the Eli’s! j\Iedical Service of the klount Sinai Hospital. 
In the preceding four j^ears there had been twelve admissions to another 
hospita l for what was thought to be atypical tuberculosis of the spine. 

Hostel. Departments of Uadiologrj' and Electrocardiography. The Mount Sinai 
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Her cardiovascular abnormalities were discovered incidentally. Six 
months prior to this admission, absence of arterial pulsations in the left 
arm was noted. The blood pressure was reported to be 164/86 in the 
right arm and 110/70 in the left arm. 



Fig:, 1. — Case 1. M. SI., female, aged 18 years. 

The conventional roentgenogram .shows .slight enlargement and rounding of tlie 
left ventricle. 

The refiort of the clinical observations will be limited to the cardio- 
vascular .system. A systolic murmur was heard over the precordium } it 
extended to the left infraclavieular area and po-steilorly to the left of the 
spine. Pulsations of the intercostal arteries, accompanied by a thrill, 
were felt over the back, particularly over the secondj third, and fourth 
intercostal .spaces to the left, A faint radial pulse was palpable on the 
left side. No axillary or brachial pulsations could be felt. A thrill could 
be felt over the left carotid arteiy, but not over the right. The right 
radial, and both femoral, pulses were normal. 

By oscillometric means, the blood pressure was found to be 164/82 in 
the light, and 120/85 in the left, aim. The blood pressure in the legs 
was 174/104. "While under observation the patient had several attacks 
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of severe headache, nausea, and vomiting, during which the blood pres- 
sure was found to be 220/110. Oseillometric readings were normal in 
the right arm and both legs, whereas the maximum in the left aim was 
found to be 0.5 (Boulitte apparatus). The eleetrocardiogi’ara showed 
left axis deviation. The phonoeardiogram revealed a late systolic mur- 
mur over the aortic and pulmonic areas, and posteriorly to the left of the 
spine. 



Fig. 2. — Case 1. 

Angriocardiogram, left lateral. In comparison -with the ascending aorta, the des- 
cending aorta is hypoplastic throughout. Slight, but distinct, nan-owing of the aorta 
just distal to the arch (white arrow). The innominate and left common carotid are 
well shOAvn, but the left subclavian is not visualized at all. The left internal mam- 
mary artery is visible (black arroAv), and appears to be slightly dilated and tortuous. 


Polygraphic tracings revealed the following; The time relationship 
of simultaneous right radial and femoral pulse tracings was normal. The 
left radial pulse showed a slow rise, reaching its maximum in 0.22 second. 
The configuration of the femoral pulse tracing was normal, whereas that 
of the left carotid artery revealed an anacrotic notch. 

A conventional roentgenogram showed slight enlargement of the heart 
to the left, but no other abnormality. Angiocardiographic examination 
showed that, as compared ivith the ascending aorta, the descending aorta 
had a small caliber, with a maximum diameter of 1.3 cm. in the thorax, 
or even less (1 cm.) in its abdominal portion. There was slight, but 
distinct, narrowing of the aortic lumen just distal to the arch; this 
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extended for about 3 cm. Although the innominate and left common 
carotid artery were well demonstrated, the left subclavian arterjMvas not 
visualized, and presumably was absent. 

Case 2 (B. D., 483259). — This wa.s the first admission of this 28-year- 
old woman to the Second Medical Sendee of the IMount Sinai Hospital. 
Shortly after childbiifh, nine months earlier, she developed sjmiptoms of 
cholelithiasis. The blood i)ressure in the right am was 120/50, but it 
could not be measured in the left arm. Neither the left axillar}", 
brachial, nor radial pulses could be felt. The arm, however, was warm 
and showed no atrophic changes. It appeared perfectly normal, and 
had never given rise to any complaints. The blood pre.ssure in the legs 
was 170/70, No evidence of collateral circulation over the back or in the 
intercostal .spaces could be demonstrated. 



Fig, 3. — Case 3. E. P., male, aged 31 years. 

The conventional roentgenogram shows no abnormality other than 
to be several nodular dilatation-s of the de.scending aorta (not visible m in; rej 
duction). 

The electrocardiogram revealed no abnormality. 

A phonoeardiogram revealed the following: There was a .sy.stolic 
mumur over the aortic area. Only a faint .systolic murmur w'as re- 
corded over the light subclavian and right carotid arteiles, and there 
was a late .sj’.stolic murmur of high frequency and of very high ampli- 
tude over the left carotid ai-teiy. 

Polygraphic tracings revealed that the peak of the right carotid 
pulse was reached in 0.09 to 0.10 second (normal), w^hereas that of the 
left carotid pulse wa.s reached in 0.14 to 0,16 second (“.stenotic pulse”)- 
The left radial pulse tracing was of very low amplitude, and .showed a 
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slow i*ise, reacliing its peak in 0.24 to 0.26 second. The relationship be- 
tween the right radial and the femoral pulses was normal, i.e., the rise 
of the femoral pulse preceded that of the radial pulses. 

The conyentional roentgenogram revealed no abnormality. 
Angiocardiographic examination showed an aorta of normal caliber, 
with suggestive, but not entirely definite, narrowing at the istlunus. 
Although the innominate and left common carotid artery were well 
'vdsualized, the left subclavian artery could not be .seen, and presumably 
was absent. 



Fig. 4. — Case 3. 

Angiocardiogram, left lateral. Tlie aorta is irregular in outline. At the isthmus 
and slightly beyond the arch are twm points of slight constriction of tlie aorta. The 
innominate and left common carotid artery are well visualized and do not appear 
grossly abnormal. The left subclavian arterj’- is occluded about 1 cm. from its origin 
(white arrow). The left internal mammary arters- is moderately tortuous and dilated 
(black arrow). 


Case 3 (B. P., 490179). — ^This Avas the first admis.sion of this 31-year- 
old soda clerk to the First ]\Iedieal Service of the Mount Sinai Hospital. 
The complaint for Avhich he sought admission was numbness and tingling 
in the left upper extremity, At^hich had been present for about six years. 
These symptoms occurred most often after exercise, and subsided' after 
rest. About one year before admission he had an attack of severe, crash- 
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ing, parasternal pain which lasted several hours; this was thought by 
his phj’-sician to be caused by acute coronar\' thrombosis. The electro- 
cardiogram at that time showed a notched QE8;, and an inverted T,. 
The patient was kept in bed for tliree months. He was then well except 
for cramps, numbness, and blanching of the left arm after exerei.se. 
During the week before admission he experienced dull aching pain over 
the left side of the chest and left ai-m. There was no history of orthop- 
nea, dyspnea, or edema. 

Examination showed that the patient was of muscular build and did 
not appear ill. The abnormal signs were limited to the vascular .system. 

By percussion, the lieart appeared to be somewhat enlarged. There 
was a rough sy.stolic munnur over the aortic area, Avhieh appeared even 
louder over the right .subclavian, right carotid, and left carotid arteries, 
Onl}' a flicker of pulsation could be felt in the left .subela-vnan, axillary, 
brachial, and radial artezfes, and the blood pressure could not be ob- 
tained in the left arm by the auscultatory method. By the o.scillometrie 
method it was found to be about 130/90. In the right arm the blood 
pressure was 180/88. The pul.ses of the lower extremities were all nor- 
mal, and the blood pressure was about 210/110 by the osciUometrie 
method. No evidence of collateral circulation could be found over the 
back in the intercostal spaces. 




Fjg. 5. — Cas" 3, 

Simultaneous radial and femoral arterial pul.se tracings, 

A, The relationship hetv.'een the right radial and the femoral is normal, i.e., the 
rise of the femoral pulse precedes that of the radial pulse. The configura- 
tion of the pulse.? Is normal, 

IS, The left radial pul.se ba,= a verj' slov,- ri.se. Its reIation.shlp to the femoral 
pulse Is normal, as is that of the right radial artery. 

The electrocardiogram revealed no abnoiToality. 

A phonocardiogram revealed the following: There was a systolic 
murmur of high amplitude over the right .subclavian, right carotid, and 
left carotid arteries. No murmurs could be recorded over the spine. 

Pulse tracings taken over the left carotid artery revealed an anacrotic 
notch and a few vibrations in the systolic portion. The left radial puke 
had a very .slow rLse, reaching its maximum after 0,28 second. The rela- 
tionship betiveen the right radial and the femoral pulses was normal, 
i.e., the rise of the femoral pulse preceded that of the radial pulse. 

A conventional roentgenogi'am of the che.st showed no ahnorrnality 
other than what appeared to be several nodular dilatations of the 
descending aorta. Angiocardiographic examination showed that the 
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aorta had an irregular outline, although no aneurysm was present. _ At 
the isthmus and several inches beyond the arch, there were two points 
of slight constriction of the aorta, suggesting mild coarctation. The 
innominate artery and its branches and the left common carotid artery 
were well visualized and did not seem grossly abnormal.^ The left sub- 
clavian artery, however, was occluded about 1 cm. from its origin. 

DISCUSSION 

The coirimon features of these three eases are summarized as fol- 
lows : 

All of them showed anatomically a relatively extensive involvement 
of the aorta at the isthmus and the distal portion of the arch, causing 
a slight narrowing. However, there was no obstruction to the blood 
flow in the thoracic aorta. Tliis explains the fact that the relationship 
of the blood pressure in the lower, to that in the upper, extremities 
was normal, and that the pulse wave in the femoral artery was not re- 
tarded. However, in all three cases the orifice of the left subclavian 
artery was obstructed, resulting in ahnost complete absence of the left 
radial pulse. The origin of the left common carotid artery presumably, 
also, was narrowed, for there was a stenotic pulse, as well as a systolic 
murmur and thrill. In the third ease even the orifice of the innominate 
artery seemed to be involved. The aorta in the first case was hjTpoplastic 
beyond the isthmus ; the same patient also showed collateral circulation. 

Hypertension was present in turn cases. Two possible mechanisms 
have been suggested. By some, the hypertension is thought to be caused 
by renal ischemia, as suggested by the experimental work of Goldblatt.® 
HjTpertension has been produced by several workers by clamping the 
aorta at various levels. A mechanical cause for the hypertension is sug- 
gested by Maycoek’s case.® Here the stenosis was below the origin of 
the renal arteries, yet there was a blood pressure of 220/80 in the arm. 
The presence of an elevated diastolic pressure in the lower extremities, 
which is found in only about half of the cases,^ is not necessarily an ex- 
pression of the general distribution of peripheral resistance,® for it may 
well represent a compensatory mechanism similar to that encountered 
occasionally in aortic stenosis when a high diastolic pressure is present. 
Erosion of the ribs was not present in any of the cases. 

In contrast to tj^^pical coarctation, there was no discrepancy between 
the blood pressures in the lower and upper extremities, no diminution 
of the femoral pulsations, and no retardation of the pulse wave in the 
lower extremities. 

There is no report in the literature of a case in which the clinical 
diagnosis has been made in the presence of the abnormalities described 
above. Pathologically, three similar cases have been reported, two by 
Fawcett® from the old records of Guy’s Hospital, which showed a slight 
ridge at the isthmus (Cases 14 and 16). The third ease, reported by 
Binder,^® in 1919, almost duplicates the conditions in our first case. In 
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Jiis ease the circumference of the ascending aorta was given as 6 cm., that 
of the distal portion of the arch as 3.4, the isthmus as 3.1, and the 
descending aorta as 3.4 cm. At the isthmus the lumen was slightly ir- 
regular, especially in the region of the insertion of the ligamentum 
arteriosum of Botallo. The initial poHion of the ceri'ieal vessels was 
remarkably stiff, thickened, and sliglitly narrowed. Involvement of the 
whole arch of the aorta has l)een i-eeently reported by Franke” in a case 
of typical coarctation. 

CONCLUSION 

A hitherto undescribed syndrome of atypical coarctation of the aorta, 
•with absence of the left radial pulse, is discussed. Its presence may be 
suspected by clinical and polygraphic examinations, but can be proved 
only by angiocardiographic examination. 
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ELECTROCAEDIOaRAPHIC STUDIES AFTER SURGICAL 
OPERATIONS ON THE HEART 


Harold Peil, M.D., and Leonard Alperin, l^I.D. 

Cleveland. Ohio 

T he present observations concern the evolntion of the electrocardio- 
grams of patients who were subjected to cardiac operations hj Dr, 
Claude S. Beck. This paper supplements a previous reporU of observa- 
tions made during cardiac operations by the same surgeon. The opera- 
tions were of two tvTpes : (1) operations for chronic cardiac compression 
(24 cases), and (2) operations for eoronarj' artery sclerosis (21 cases). 

The predominant eleetrocardiographic abnormalities during the opera- 
tions for chronic cardiac compression were ventricular premature beats, 
ventricular tachycardia, and, occasionally, RS-T deviations; during the 
operations for coronary artery disease, isolated ventricular beats, 
ventricular tachycardia, and deviations of the RS-T segment were of 
frequent occurrence. Stewart and Baile}’^- reported electroeardiogi’aphic 
studies during the course of pericardiectomy in six cases. Their ob- 
seiwations were similar to ours except that auricular tachycardia, 
auricular fibrillation, and auricular flutter occurred in one of their cases, 
and ventricular fibrillation, nodal rhythm, and sliifting pacemaker were 
not noted in their series. Changes in the RS-T interval were not present 
to any significant degree in their cases. Serial electrocardiograms which 
were taken for months after operation showed surprisingly few changes 
in the form of the T waves and RS-T segments in their cases. 


studies after operation for chronic cardlac compression 


Twenty-four cases were obseiwed from fourteen days to seven years 
after the operation (Table I). Regular sinus rhythm was present in 
sixteen cases throughout the period of observation ; persistent auricular 
fibrillation was present in five cases; auricular flutter was seen in two pa- 
tients, and, in one, auricular flutter was followed by persistent auricular 
fibrillation. Efforts to convert auricular fibrillation to normal rlndlun 
were ineffectual. Ventricular premature beats occurred occasionally in 
ten cases, usually during the early postoperative course. Auricular pre- 
mature beats were observed in one ease early in convalescence. The 
following case is illustrative of this group : 


L. G., a white man, aged 43 years, presented the tvqDical clinical picture 
of chro nic cardiac compression. He was cyanotic and the superficial 

From the Hepai’tment of Medicine of Western Reserve Universitv School of "ATofU 
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Table I 

Chronic Cardiac Compression 


ca.se 

NO. 

RHYTHM 

AURIC- 

ULAR 

prema- 

ture 

BEATS 

VENTRICU- 

LAR 

PREMATURE 

BEAT.S 

AURICULAR 

FIBRILLA- 

TION TIAjTTER 

LENGTH OP 
OBERVATION 

YR. MO. DAYS 

1. 

Normal 




1 

8 


2. 

Normal 




2 

G 


.3. 



2 mo. post- 

Pre- and 


2 





operative 

postoper- 








ative 




4. 



2nd and 3rd 

Pre- and 

0 

3 





year 

po.stoper- 




5. 

Normal 



ative 

1 

1 


6. 

Normal 


l.st and 2nd 



2 

J5 




montli 





7. 

Normal 






IS 

8. 

Normal 


3 montli.s 



3 


9. 

Normal 






14 

10. 

Normal 






19 

11. 

Normal 


Immediately 


1 

4 





postoper- 








ative 





12. 

Normal 




2 



13. 

Normal 

0 mo. 




6 


14. 



Immediately 

Pre- and 


9 





postoper- 

postoper- 







ative 

ative 




15. 

Normal 





1 


16. 



Continuous 

Pre- and 


1 





2nd week 

postoper- 







on 

atii’e 




17. 

Normal 



4 months 


5 


18. 

Normal 





I 


19. 




3rd week Pre- and 


10 






on postoper- 




20. 



2 vr., G mo. 

Pre- and ative to 








postoper- 3rd day 

3 

8 






ative 




21. 



2nd day 

1 yr., 8 mo. 

1 

8 


22. 

Nonrutl 


4 months 


3 

10 


23. 

Normal 





9 

u 


24. 

Normal tVaadering pacemaker pre- and postoperative 

1 

3 




isonnal mechamcni two raontlis later 





veins were distended. There were pleural effusion and ascites ; the liver 
was considerabh' enlai'ged. The heart was not enlarged, there was no 
palpable precor'dial activitj', and the heart sounds were feebly heard. 
Perieardiectomy was .successfully performed and the convalescence 
was imeventful. He was followed for a period of two j'ears, during 
which period he was able to return to his work. His electrocardiograms 
(Fig, 1) illustrate the t^^^ieal electrocardioirraphic pattern in this group 
of cases. 

A, Taken postoperativelv, shows moderately low voltage of QKS and 
invei-sion of T in Leads n, III, and mi. 

23, Taken twenty-four hours postoperatively, shoivs increased right axis 
deirdation and a slight increase in amplitude. 

C, Taken almost ten months after operation, shows inerea.sed ampli- 
tude of QES. 


FEIL AND ALPERIN: ELECTROCARDIOGRAPHIC STUDIES 

D, Taken one year and eight months after operation, shows normal 
amplitude of QRS, slight inversion of T in Leads I and II, and a sharply 
negative T in Lead IVR. 

The chief change in this record is the increase in the amplitude of all 
complexes and slight variations in T. These changes are similar to those 
in a previous report concerning the electrocardiographic changes in cases 
of cardiac compression.® 


changes in the 
Liring the post- 
Tahle II. 
iogram (Table 
)ph3=' of cardiac 
id the reduced 
ut; (b) the in- 
of fluid in the 
lerts and Beck® 
in normal as a 
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'J’AUI.K n 

Chronic Cardiac Compression; Changes in RS-T Segments 


CASE no. 


rs-t changes 


IJMB LEADS 


TIME OF OCCURRENCE 


5. 

Slight elevation 

Lead III 


7. 

Slight depression 

Leads I and 

III 


Slight elevation 

Loads I and 

II 


Slight elevation 

Lead I 



Isoelectric 

All leads 


8. 

Slight elevation 

Ijcad I 



Slight depression 

Lead III 



Slight depression 

Lead III 



Slight depression 

Load I 


30. 

Slight elevation 

Leads II and III 

15. 

Slight depression 

Leads I and 

II 


Isoelectric 

All leads 



Slight depression 

All leads 


19. 

Slight depression 

All leads 


20. 

Slight depression 

Leads II and 

III 


Isoelectric 

Leads II and 

III 


Slight depression 

Leads II and 

III 

24. 

Slight depression 

Lead I 



1 yr., 1 mo. postoperative 
Preoperative 

Immediately postoperative 

1 day postoperative 
2nd day on 

2nd day postoperative 
2nd day postoperative 

2 weeks postoperative on 
k weeks on 

0 months 

Immediately postoperative 
] week later 

1 month 

Immediately postoperative 
Immediately postoperative 

1 year 

2 years 



Table III 

Chronic Cardiac Compressio.n (Voltage) 


LOtV BEFORE 
OPERATION 

return to 
norm.al after 

OPERATION 

LOW AFTER 
OPERATION 

NO 

CHANGE 

NORMAL 

BEFORE 

OPERATION 

INCREASE 

AFTER 

OPERATION 

(NORMAL 

BEFORE 

OPERATION) 

IJ.MB LEAI).S 

20 (57.1%) 

12 (60.0%) 

8 (40.0%) 

7 (40.7%) 

15 (42.9%) 

8 (5.3.3%) 

CHEST LEADS 

16 (45.7%) 

1.3 (81.2%) 

.3 n8.8%) 

9 (47.9%) 

19 (.54.3%) 

10 (.52.1%) 


re.sult of chronic cardiac coinpre.s.sion in iiolii e.\periinental and clinical 
case.s. On the other hand, Katz, et ah,® reported the electrocardiographic 
observations in three cases of brown atrophy of the heart. In all cases 
there were left axis deviation and nonnal amplitude of the complexes. 
There was usually .some immediate po.stoperative increase in the ampli- 
tude of QES in our eases, and this suggests that the mo.st important 
factors in bringing this about are: the increase in cardiac output, the 
re.sult of release of the heart from the glove-fitting compression sear; 
the improvement in coronary flow, the re.sult of both inerea.sed cardiac 
output and release from cardiac compres.sion ; the removal of the in- 
.sulating scar; and the diminution in the extracellular fluid. This in- 
crease in amplitude was usually progressive until normal I'alues were 
recorded. The T-wave changes were inconstant and not unifoim in the 
serial records (Table IV). This is in agreement with Stewart and 
Bailey,^ who stated that “Serial eleetroeardiogi’ams which were taken 
for months after opei’ation .showed surprisingly few changes in the form 
of the T waves and E-T segments.” The di.sseetion of the pericardial 
scar may be between its layei’s rather than between scar and myo- 
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eardiiiin. This was so in one case in wliicli an antopsy was performed 
five years after operation." Considerable scar was found still remaining. 


Table IV 


CASE 

XO. 

LEAD I 

• LEAD II 

LEAD III 

CHEST LEAD 


T Waves in < 

Chronic Cardiac Compression (Preoperative) 

1. 


- 

sl.- 

sl.- 

2. 

iso 

iso 

i.so 

very sl,- 

3. 

si.- 

si.- 

iso 

1 

4. 

- 

- 

sl.- 

- 

5. 

iso 

verj* si.- 

iso 

•f 

6. 

•f 

di 

sl.- 

iso 

7. 


- 

- 

cove- 

S. 

sL- 

- 

veiy sl,- 

- 

9. 

iso 

4 

4 

4 

10. 

iso 

4 

iso 

■f 

11. 

— 


sl.- 

- 

12. 

4. 

4 

sl.- 

di 

13. 

iso 

sl.- 

di 

X 

14. 

15. 



iso 

cove- 

16. 

5 so 

iso 

iso 

4 

17. 

si.- 

di 

di 

sl.- 

IS. 

x 

sl.- 

1 

4 

19. 

iso 

4* 

X 1 

4 

20. 

4- 

X 

sl,- 

X 

21. 

iso 

iso 

very si.- 

4 

22. 

iso 

iso 

4 

Sl.4 

23. 

+ 

4 

- 

X 

24. ! 

si.- 

sl.- 

X 

- 


T Waves in Chronic Cardiac Compression (Postoperative) 

1. 

iso-> .si.- 2 yr. 

sl.- throughout 

sl.- throughout 

- cove - 

2. 

iso-> di-^ + 4 vr. 

iso-» sl.- 

iso -> sl.- 

sl. — > cove- -» - 

3. 

si.- 

sl.- 4 

di -» iso-?^ 4 

- 

4. 

di-> iso-» -j- 1 yr. 

sl.- 4 -> sh- 

sl.- iso-> di-> 

sl,— — ^ -f > -f 

5. 

iso-» di-^ si.- 1 yr. 

sl.- 

sl.- 

sl.- -» di 


G, 

+ iso-» + 1 mo. 

sl.- 

sl.- 

.sl.- 

7. 

X 

- -> .sl. > di 

— > di 

- -» cove 

8. 

- 

: 

sl.- -> di 4 

4 di-» cove-> - 

9. 

+ si.- 2 vk. 

j — > very sl.- 

iso sl.4 

- 

10. 

di-> si.- 19 days 

di -> 

iso —> 4 

no record 

11. 

+ -> di-> sl.~ 1 yr. 

sl.- 

di -> vert- sl.- 

- di 

12. 

+ -^ + 

di 

sl.- 

4 -^ - 

13. 

iso -> + 

di -> 4 

sl. di 

4 

14. 

4 

sl.- iso 

> iso 

>4 

15. 

si. > - 

di sl. - 

di -> sl.- -> 4 


16. 

iso -» si.- 

iso -» sl.- -> di 

sl.- di -> 4 

cove -> - 

17. 

di si.- 

di -> sl.- 

- sl. > 4 

no record 

18. 

X — ^ ^ igQ 

sl. > 4 

>■ di 

-h 

19. 

+• di-» — > iso 

^ sl,— 

4 -» di .sl.- 

no record 

20. 

X 

sl.- 4 

sl.- 

— 4 - di 

21. 

iso _> iso -> 4 

iso iso 

iso _> di - 

- di 4 

22. 

4 iso -9^ sL- - 

iso di -> iso 

iso 4 

— — > sl,— 

23. 

4 -» si. — > - 

J — > sl.- 

di sl.- 

__ 

24. 

di 

-r sl.— 

iso -> sl.- 

sl.- 


inverted 


+ up 

si.- slightly inverted 
di diphasic 

. iso isoelectric 


‘The patliologic e.vamination vras made by Prof. H. T. Karsner. 
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Tabia: V 

Riiytiim in Casks ok Cokoxary SciAntosis (Postokekativk) 


CASE 

KEGDRAR 

AURICULAR 

VENTRICULAR 

ATTRTflTTT/AP. 

AU- 

LENGTH OK 

SINUS 

PREMATURE 

PREMATURE 

riBRILLATION 

RICULAR 

OB- 

NO. 

RHYTHM 

BEATS 

BEATS 

KLUTTER 

SERVATION- 

1. 

* 


- 

- 

- 

5 yr., 8 mo. 

2. 

* 

llr.st (lay 

1 week 

2 weeks 

" 


0 yr., 0 mo. 



2 week.s 




4 yr., 8 mo. 

3 

ft 


- 

- 

_ 

4. 

* 

.Second dav 

- 

First day 

- 

2 mo. 




_ 

- 

- 

2 yr., 30 mo. 

0. 

Vr 


Sixtli-twclfth day 

- 

- 

5 yr., 9 mo. 

7, 



2 jriontlis 

- 

- 

0 yr. 

8. 

Vr 


Control and 

- 

- 

3 mo. 



tliTOug'fiont 



2 mo. 

q 

Vc 



- 

- 

10. 
11. 1 
32. 

^ 1 



! 

- 

4 mo. 

«• I 

- 

I inontli 

- 

— 

2 yr., 1 mo. 

3 yr., 4 mo. 

13. 

34. 

15. 

9- 



- 

- 

3 yr., 2 mo. 

V- 

9 

- 

- 

Third-fiftii 


2 yr., 0 mo, 

1 yr,, 3 mo. 




*lriv 



10. 

17. 

Vt 

9 

- 

1 montli 

- 

.So veil til 
day 

2 mo. 




- 

- 

2 >T,, 3 mo. 

18. 

39. 

20. 

9 

9 

Vr 

I-’ir.st day 

Tliird day and 

- 

- 

2 mo, 

1 yr. 0 mo, ' 

3 yr. 2 mo. 



331h to 34th 




21. 

22, 

9r 

9 

- 

mo. 

Fir.st day 

- 

- 

5 days 
() yr.. 2 mo. 


In this case (No. 5) there was no elevation of Die segment nntil 
thirteen montlis after operation. 


STUDIES AKTf:R DKCK’s OPERATIOX FOR CORONARY ARTERY SCET-RO.SIft 

There were twenty-two patients in this group wlio were folloived fiom 
live days to six and one-half j'cai's. Tlie usual pattern of the e 
cardiogram consists of elevation of R8-T in all leads; this vas u.sua y 
greatest within three days (86.3 per cent), hut wa.s delayed as long as 
seven days in one case. The elevation was gj’catest in Lead . o 
set of the elevation was noted either immediately, or, most 
within the first two postoperative days (81.8 per cent). After tins, i 
elevation receded and T became depre.ssed, reaching its maximum depres- 
sion in seventeen days (63.6 per cent), although thei’e "s^exe t-ree cas 
in which T I’eaehed its greatest depre.ssion in 42, 45, and 74 dajs, re.sp 


tively. 

In Table V the data concerning disturbances in rhythm are tahulatec . 
In all cases the predominant rhythm was noi-mal. Auiieulai prema ui 
heats occurred in three cases, venti'icular premature beats in eig ’ 

transient auricular fibrillation in two cases, and transient auiicu< 
flutter in one case. 
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The f ollo^nng case is illustrative of this group : 

C. Z,, a white man, aged 49 years, complained of typical attacks of 
angina pectoris for six months; these were increasingly severe and in- 
capacitating. Beck’s operation -was perfoimed in 1937, and was followed 
by an uneventful ^ecover 3 ^ The patient progressively improved, and 
was able to return to his work -with but few anginal attack.s. Five years 
after the operation, the patient was symptom-free. His electrocardio- 
grams (Pig. 2) illustrate the tj^iical electrocardiographic pattern in this 
group. 

A, Taken preoperalively, shows a diphasic T in Lead IVR, 

B, Taken two days after the operation, .shows elevation of the KS-T 
segment in Leads I and 11 and inversion of T in Lead TIL 

C, Taken one week later, shows RS-T isoelectric and T in Leads I, II, 
III, and WR inverted. 

D, Eight days later, and E, Nine days later, .show progres.sive increase 
in the amplitude of R and inerea.sing depth of T inversion, 

F, Last record, taken three years and eight months after operation, 
shows a still greater amplitude of QRS, isoelectric T in Lead I, and 
diphasic T in Leads II and HI. The T wave in Lead IVR j-ernained 
deeply inverted. On the second po.stoperative day there was slight 
transient left axis deviation (R), persisting until the ninth po.stopera- 
tive day. There were no changes of .significance in P, P-R interval, heart 
rate, or rhythm. 

In .summary, there is elevation of the RS-T segment cai’I.v in the po.5fc- 
operative course. This elevation rapidly subsides and T becomes pro- 
gre.s.sivel 3 ^ inverted. Finally T returns toward nonnal, but remains 
diphasic. These changes re.semblc those in both experimentaP and 
clinical pericarditis.® The changes are due to the inflammatory reaction 
in the superficial myocardium, and are caused bj' the in.strumental 
abra.sion of the pericardium at the time of the opej'ation. The changes 
were not due to distention of the pericardium because, at the time of 
operation, an incision was made in the inferior po.sterior surface of the 
parietal pericardium, allowing drainage into tlie jdeural sinus. 

.SUMMARY 

1. Electrocardiographic studies after twentj'-four operations for 
chronic cardiac compression and twentj'-one operations for coronary 
arterj’^ sclerosis are reported. 

2. In cardiac compression eases there is frequenth' a gradual increase 
in the amplitude of the deflection.s. The T-wave changes were inconstant 
and not uniform in serial records. 

3. Patients with coronaiy aileiy sclerosis .show a con.stant pattern of 
RS-T elevation which graduallj' disappeai’s and is followed bj' a sharp 
depre.ssion of T. 

4. The greater electrocardiographic changes in the coronar.v artcrv' 
sclerosis cases are probably the result of more severe damage of the 
.superficial mjmeardium. 
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ELECTKOCARDIOGRAPHIC CHANGES IN RELATION TO 
TOLERANCE OP SUSTAINED ANOXEMIC 
ANOXIA IN DOGS 

Wai/j’KR C. Randall, Ph.D.^ 

St. Louis, Mo, 

A LTHOUGPI many publications^ deal witli the effects ol acute, pro- 
gressive anoxia on the heart and circulation, comparatively few 
are concerned with the factors which determine the tolerance of more 
sustained anoxia. Armstrong,^ and Armstrong and Heim® have given 
a general review, and the former has studied the tolerance of rabbits at 
different altitudes.'’ 

The earliest and most extensive electrocardiographic studies during 
short periods of progressive anoxia were made by Greene and Gilbert,®''’ 
They stressed particularly the disturbances of rhythm and conduction 
w'hich develop at the crisis. More recently, electrocardiographic record- 
ings made during flying®'^^ and in cardiac diseases’’'^'’® indicate that 
sustained anoxia leads to depression of the S-T segment and of the 
T wave, and occasionally to defoi’raation of the QRfS complex. This has 
led to the inference that anoxemic anoxia causes myocardial impairment, 
a conclusion not supported by experimental studies on animals in which 
progressive anoxia causes an increased vigor of ventricular beats and an 
augmented cardiac output.’”'®^ 

Since such judgments regarding the effects of anoxia on the myo- 
cardium are based on comparing results obtained by dynamic studies 
on anesthetized dogs wnth those obtained by electrocardiographic studies 
on man, it seemed important to make additional electrocardiographic ob- 
servations on such dogs. It is conceivable that species differences exist; 
also, that tlie d 3 mamic effects reported during acute progressive anoxia 
do not applj'^ during .sastained anoxia. 

This report deals with tlie electrocardiographic changes, correlated 
with I'espiratoiy and cireulatoiy responses of dogs, during prolonged ex- 
posure to various reduced percentages of oxj'^gen. The rebreathing 
method was used in order to ascertain the influence of anoxemic anoxia, 
separate from additional influences of temperature and pressure changes 
such as occur in ascent to higher altitudes. 


MUTHOD.S AND APl'AIiATU.S 


The dogs w'ere anesthetized with a small preanesthetic dose of morphine 
and sod ium barbital (175 mg, per kilogram), and placed upon a heated 
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animal board. In order to maintain reflexes arising from the carotid 
.sinus areas, mean blood pressni-e was recorded from the femoral arteiy 
by means of a merctiiy manometer. Leads I, II, III, and sometimes lY 
recorded by a Sanborn electrocardiograph at 50 mm. per second. 
Tracheotomy was performed, and the dog was connected directly to a 
recording segment respiroraeter. Tliis apparatus, originally designed 
])y Burlage and 'Wiggers--^ for studying the effect of lyiDcrcapnia, and 
modified to study the effects of anoxia, has been used for many years in 
this laboratory for both animals and man. Since the modifications which 
permit one to xaiy the rate of reduction in percentage of oxygen 
lireathed (theoretical rate of ascent) and to maintain the ultunate re- 
duced percentage of oxygen breathed (attained theoretical altitude) 
have not hitherto been described, a bi-ief description of this cheap and 
efficient rebreather is incorporated. 



Kig'. 1. — Diagram of segment respirometer for study of effects of anoxia. 


As shown diagrammatically in Fig. 1, the segment respiromeler eon- 
.sists of a metal ash can (A), the top of which has been .somewhat ex- 
tended and shaped as a large segment capsule (see surface \dew. Fig. 1). 
It lias a capacity of SO liters, which is suitable for human tests, but this 
can be reduced by partial filling v-itli water to any capacity (e.g., 25 
liters is suitable for 10 Idlograra dogs) . The top is covered udth a'sheet 
of light rubber dam, and to this is cemented a trapezoidal piece of stiff’ 
cardboard {B) which, vdth its long straw pointer, pivots on the segment 
side of the rubber. As the rubber membrane is drawn in during in- 
spiration, the lever rises, and vice versa during expiration. The ap- 
paratus is easily calibrated by allowng Imown volumes of water to nm 
into the tank from a 5 gallon graduated bottle (C). In this waj^ 
changes in respiratory rate, as well as in the total and minute volumes, 
are quantitatively recorded throughout the experiment. 

To the tank is connected a canister of soda lime {B). When a sub- 
ject or animal is connected to the apparatus at E, air from the tank 
is inspired via valve F and retiumed to the spirometer through the soda 
lime (D) via valve G. As COo is thus removed and oxygen is consumed. 
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the rubber membrane tends to draw into the tank and the recording lever 
rises. To prevent this, a stream of water is permitted to flow from a 
bottle (C), at such a rate that the membi*ane and lever remain horizontal 
during expiration. Since the air in the spirometer is practically satu- 
rated %nth water, the rate at which water is admitted equals the rate 
of oxj'gen consumption. Kno-wing the air volume above the water, com- 
putations of the percentage reduction of oxygen in the respirometer for 
each liter or haK-liter of water admitted can easily be made. This 
agrees well -ndth actual determinations of the volume percentages of 
oxygen made by gas analysis, which were used as checks in these ex- 
periments. When the volume per cent of oxv^gen has been reduced to a 
deisired level, say 10 or 12 volumes per cent, the flow of water is stopped, 
and, in its place, a continuous .stream of oxygen from a tank equipped 
with a needle valve is admitted via a stopcock (17). 

A little consideration makes it obvioas that the rate of oxv’gen re- 
duction after connection to an animal depends on the relation between 
the effective air capacity of the tank and the rate of oxygen cons-urnp- 
tion, which, among other factons, depends on the size of the dog and 
its metabolic rate. However, by merelj^ changing the starting air 
eapacitv' of the respirometer, the rate of oxygen reduction of the in- 
spired air (i.e., the .simulated rate of ascent to high altitudas) can be 
altered; the smaller the rei^piromcter volume, the more rapid the oxygen 
reduction and the simulated rate of a.scent. In these experiments, simu- 
lated ascension varied from 2.50 to 880 feet per minute, but a rate of 
about 400 feet per minute was most commonly employed. Expasure.s 
varied from twentv' minutes at 11 per cent (ea. 17,000 feet altitude) 
to seven and one-half hours at 7 per cent (ca. 27,000 feet altitude) 
oxygen. 

RESULTS 

Twenty-two dogs were used in these expeiiments. The starling heart 
rates were more rapid than nonnal as a result of the barbital anasthe.sia. 
This is not a disadvantage, for it eliminates the possibility* of changing 
the configuration of the electrocardiogram by* increased rate.s, and es- 
sentially I'eduplieatas an emotional cardiac acceleration, .such as may oc- 
cur prior to “taking off” in an airplane. 

>Sinee the main objective of the study was to investigate the changes 
which occur during .sustained anoxia, only a brief outline of the re- 
sponses during the period of simulated ascent will be described. Heart 
rate and mean pressure were generally* unaffected, although the latter 
sometimes increased a trifle. Eespiratory* rate and minute voliime aug- 
mented, as has often been noted (Figs. 2 and 4). Electrocardiographic 
changes were not prominent during this period, and no essential dif- 
lerences were noted when the rate of oxygen reduction (rate of ascent) 
was varied within the ranges slated above. Xor did the altitude reached 
produce any effects. The responses to sustained anoxia were generally 
the same in all the animals, but considerable individual variation was 
noted in the ability to witkstand low oxy*gen mixtures. One animal 
failed after three and one-half hours at 13 per cent oxy'gen (12,500 feet), 
ano&er after twenty* minutes at 11 per cent (17,000 feet), and still 
another after three hours at 4.5 to 5 per cent (38.000 to 40,000 
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feet). In general, 7 to 8 per cent (25,000 to 27,000 feet) was found to 
be the critical level at whicli all animals failed after several hours of 
exposure. Dogs, like human beings, can be placed, therefore, in one of 
two broad groups : those which tolerate low oxygen mixtures well, and 
those which do not. In order to best illustrate the typical responses of 
“tolerant” and “nontolerant” dogs, together with certain variations, an 
experiment of each type vdll be described in detail. 


hours I a 3 4 5 6 7 8 9 10 II 12 



Fig. 2. — ^Responses of a normal, tolei'ant dog to sustained anoxia. H.R. refers to 
heart rate; to mean blood pressvire; R.M.V.. to respiratory minute volume in 

cubic centimeters: ALT. to altitude in feet; and E.C.G. to electrocardiogram. Seg- 
ments of electrocardiograms were selected from a continuous series taken throughout 
<he experiment, and refer to similar lettering in Pig. 3. Oxygen percentages, equiva- 
lent to altitude are charted at tlie right of the figure. 

Pig. '2 illustrates the reactions of an animal of the more tolerant 
group (No. 14) when the volume per cent of oxygen was decreased to 
7 per cent in forty-five minutes (a simulated ascension to about 27,000 
feet at a rate of 600 feet per minute). The animal remained at this 
altitude for four hours and forty minutes. During the later stages of the 
simulated ascent, both respiratory rate and amplitude were greatly in- 
creased, and the minute volume reached four times that of the control 
period. This was maintained for about two hours at the peak altitude, 
and then decreased to a volume three times the normal until the crisis. 
At this time the hj^perpnea was suddenly replaced by very slow, irregu- 
lar breathing which lasted but a few mmute.s, followed by apnea. Im- 
mediate institution of artificial respiration and return to atmospheric 
air was marked by resumption of an essentially normal minute volume 
of respiration. 


238 


AMBJUCAN HEAHT JOUKNAI- 


After an initial rise during rebreathing, the mean blood pressure grad- 
ually fell to, and remained at, essentially nomal levels for two hours 
and forty minutes. After this lime, a progressive and rapid fall in 
pressure proceeded abruptly into the period of ciisis, when complete 
failure of bolli circulation and juspiration resulted. It is difficult to 
say which function fails first, but it is generally noted that, after the 
blood pressure i-eaches levels of 50 to 70 mm. Hg, complete circulatory 
failure is precipitated by re.spiratory collapse. The heart rate was ab- 
normally rapid duTang the control period, ))ut, eveii so, .showed a further 
significant acceloi'ation duiang the period of anoxia. The rate remained 
very i-apid initil a precipitous fall occurred during the cri.sis which 
marked the circulatory failure. Tt a]>pears, Iherefore, that the j-e.spira- 
toiy eentci' remains viable until the blood pressure has fallen lo about 
50 lo 70 mm. Hg. Ai this time an insufficient amount of oxygen is 
appai'ently .supplied lo tlie medullary I'cspii-atoiy center.s, with conse- 
(pient failni'c and death inile.ss artificial respiration is instituted at once. 
IVhcn this dog was given ternporaiy artificial respiration and returned 
to atmosphenc air. the mean blood pi’e.ssui’e returned to 105 ram. Ilg, and 
remained at this level foi- .several hours. However, after eight hours, 
the artertal pressures gradually fell, and the dog died about fourteen 
houi's aftei- this partial recoveiy from the ])ei’iod of crisis. 

Segments of the electrocardiograms taken at intervals indicated in 
h^ig. 2 as A, li, C, etc., illustrate the progi'C-ssive responses during sus- 
tained anoxia. Segment A (Fig. 3) is a normal control, and B shows 
a depre.ssion of 2 to 3 mm. in the QKS complex in all leads at the end 
of the period of ascension. This depression of QRS continued and be- 
came progressively mm-e severe with continued exposure to low o.xy- 
gen tensions, especially in l.eads 11 and TII (Fig. 3, C). Extreme de- 
in'e.s.sion and definite splintering were apparent in Lead ITT two hours 
and forty minutes after reaching the peak altitude (Fig. 3, J)), and 
persisted in modified foim throughout the expenmenl. Changes were 
le.ss .striking and le.ss consistent in T^ead TI. 


I he P-R interval decj cased about 10 millisecond dining the early ac- 
eeleralion in heart rate, and failed to increase even when the heart slowed 
during the cilsis. In those experiments in which ultimate cardiac de- 
pres.sion supen'cned. a lengthened P-R interval, as described by G'recJie 
and obsei-ved. The duration of the QRS, as measured 

h.' the width of the R. decreased early In* about 5 millisecond and re- 
mained .so. The total duration of electrical systole (Q-T inteiwal) also 
decreased with the total cycle time, and failed to ])ecome elongated until 
frank cardiac failure supervened. 

The S-I segment and T wave were not significantly alteied through- 
out t ns e.vperiment, except for a tendenc.v toward the development of 
a dipha.sie T wave in Lead I .fust jiHor to failure (Fig. 3, D). No evi- 
I enee of a depression of the S-T segment was seen at anv time. 
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Wlien the animal was returned to atinosplieric air, tJio QBS complex 
tended to return toward normal configuration and duration (Pig. 3, E 
and F) . Leads I and II showed almost complete recovery, but, although 
the splinter almost entirely disappeared, the R deflection did not return 
to normal voltage in Lead III. The S-T segment, in the meantime, 
was inclined upward, and became incorporated in the greatly accentu- 
ated T wave which persisted until deatli. This was accompanied by a 
higher P wave, until, in Lead III, the three positive deflections were all 
of equal voltage. 
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Pig. 3.— Segments of electrocaraiographic records selected (as indicated in Pie- 2 > 
from a continuous series taken throughout the experiment ^ 

Fig. 4 illustrates the reactions of a “nontolerant’’ annual to sus- 
tained anoxia. It null be noted that the total respiratory and circu- 
latory picture illustrates a lesser degree of resistance. In this experi- 
ment the oxygen percentage was decreased to only 12 per cent in forty 
inmutes (simulating an ascent to 14,500 feet at a rate of 360 feet per 
minute). It was maintained thus for nearly three hours, when the per- 
centage of oxygen was further decreased to 10 (altitude of 19 000 feet) 
Thirty minutes later collapse set in, and the animal was saved only by a 
prompt return to atmospheric air. ^ ^ d. 
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During the period of ascent and for an hour thereafter, respiration 
showed only a relatively mild stimulation, both in rate and amplitude, 
resulting in a Dvofold increase in minute volume. There was no pro- 
gressive decline in minute volume at the end, as commonly noted, but 
rather a precipitous fall at the crisis. The type of failure, however, 
was much the same, i.e., hji^erpnea was suddenly replaced by slow irregu- 
lar breathing and apnea. The respiration was not continuously recorded 
in this experiment after the animal was returned to atmospheric air, 
but sufficient data from subsequent experiments indicated a return es- 
sentially to normal levels. 


hours I 2 3 S 6 7 6 9 10 11 12 



FJg'. 4. — Response-.? of a normal, nontolerant dog to sustained anoxia. Ijegend remains 

as in Fig. 2. 

The mean Islood pre.ssure failed to show an initial rise during the 
ascent, and did not rise above the starting level at any time. Uather, 
there was a progressive fall from the control pressure of about 140 mm. 
to SO mm. Hg one hour and tw'cnty minutes after reaching an altitude 
of 14,500 feet. This pre.ssure was then maintained until complete fail- 
ure at the crisis. Upon returning the animal to atmospheric air, the 
blood pressure rose to 100 mm. Hg, which was 40 mm. below the original 
starting control. Appro.xirnately this level was maintained for two hours 
and forty minutes, at which time a progre.ssive fall began, which re- 
•sulted in death of the animal Iavo hours later. The heart rate .showed 
inconsistent acceleration during the exposure at 12 per cent oxygen and 
marked acceleration at 10 per cent, followed by a sharp deceleration at 
the crisis. It resumed the control rate after the animal was revived 
and returaed to atmospheric air. 



Segments of electrocardiographic records selected (as indicated in Fig. 4) from a continuous series taken throughout the 

experiment. 
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Staiiclai’d clectroeardiogranis were obtained, as indicated in Figs. 4 
and 5 by the same letters. They .show at a glance tliat the changes were 
much more striking during the period of .sustained anoxia than those 
observed in the previously described experiment. Segments B and 0 
show a progre.ssive depj-ession of the QRS complex in all leads, followed 
(segments D and B) by a polypha.sie or M-.shaped QKS complex in 
Leads II and III (Fig. 5). The apex of was slurred and depre.ssed. 
Despite the severitj- of this polyphasie or .splintering re.sponse, there 
was no significant increase in the duration of the QRS complex, the 
P-R interval, or electrical s 3 ^stolc (Q-T interval) throughout the period 
of .sustained anoxia. 

The T waves of Leads 11 and III became ])rogressiveIy higher as the 
expo,sure continued. The increase was noticeable even during the ascent 
(Pig. 4, R), and the voltage finally reached was higher than that of the 
other complexes (Fig. 4, Z>). The P wave became merged with the 
descending limb of the T before the isoelectric level was reached. Just 
prior to collapse (Fig. 4, F), the T wave .showed a changing configura- 
tion, varying from positive to negative. In many c.yeles the P was 
completely obliterated in both Leads II and III. 

Returning the animal to air resulted in prompt improvement in all 
complexes until control levels were reached (Fig. 4, G and 11). De.spite 
this apparent returji to normal, however, tlm animal died as a re.sult of 
eu’culatorj’- collapse. There were no definite sub.iective signs to give 
warning of imminent collapse during sustained anoxia. There was 
neither dyspnea nor convulsive mu.scular contractions, llius .showing a 
.sharp differential ion from asph.yxial death, and animals were sometimes 
lo.st because of the sudden on.set of re.spiratoiy and circulatoiy failure. 
After failure occurred, the animal could genei-ally be re\uved by p7-ompt 
artificial respiration, 

m.scu.ssiox 

It may be observed that tolerant animals .show no significant depre.s- 
sion of the heart and mean blood pre.ssure until .iust before the eiisis 
is reached. At this time ehaiiges are sudden and severe, as evidencad 
by a great reduction in heart rate and blood pi-essure, together with the 
conduction disturbances so well analyzed by Greene and Gilbert.’*' 
These variations are illu.strated in Fig. 2, which represents exposure to 
an altitude of 27,000 feet for more thaji four and one-half houis. In 
nontolerant animals, however, a i)rogre.s.sive decline in arterial pressure, 
often extending over the entire period of exposui’e, eventually terminates 
in the .same tjTie of crisis. This type of reaction is illustrated in Pig. 4, 
which represents exposure to an alliliide of 14,500 to 19,000 feet for 
three and one-half hours. That con.siderable individual variation exi.s{s 
among experimental animals is Jiot sui-prising in view of the fact that 
similar valuations have been repeatedh' demon.strated in inlofs in train- 
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The effects of anoxia, therefore, appear to bo accumulative, as empha- 
sized by Armstrong and Heim,-* but the manner in which the dog suc- 
cumbs after release from long exposures depends upon the innate re- 
sistance of the animal. 

"When the animal was restored to atmospheric air or when oxygen was 
administered, there was always some recovery of mean arterial pres- 
sure, followed by subseciuent decline' to shock levels and, eventually, 
death. In tolerant dogs, the recovery was generally more marked and 
the subsequent decline in pressure more delayed than in nontolerant 
animals. 

The cause of the variable deterioration in mean pressure during sus- 
tained anoxia remains essentially unknovm, but two possible explana- 
tions invite investigation: (a) failure of the peripheral circulatory 
system and (b) cardiac depre.ssion. This investigation does not attempt 
to explore the former possibility, but may furnish some information 
concerning the latter. The development of depressed and splintered 
QRS complexes in electrocardiograms might lead one to suspect some 
mild but progressive myocardial disturbance, the nature of vdiieli can- 
not be interpreted too precisely. Detailed study of the electrocardio- 
gram, however, fails to reveal any signs of delayed or impaired con- 
duction. There is evidence, on the contrary, that conduction is slightly 
improved, at least in the earlier stages of the exposure. This evidence 
is, of course, the shortened P-R interval and the decreased duration of 
the QRS, in spite of the splintering. This certainly does not suggest 
damage to the conduction .s.ystem ; on the contrary, it could be regarded 
as improvement. If, as many believe, a shortened QRS indicates a more 
rapid spread of excitation over the ventricles, it could be postulated 
that a more rapid summation of fractionate contractions takes place, and 
that this eventuates in a more vigorous contraction of the ventricles.-- 
This may then explain the preliminary stimulation of the lieart reported 
by Sands and DeGraff,’** and the increased .stroke volume reported by 
Strughold.^® The splinteiing, also, is not necessarily indicative of 
asjmchronous spread of the excitation process, but could easily result 
from slight differences in summation of ultimate potential differences. 
IMuch more positive evidence, c.g., such as can be obtained by direct 
punctate leads from the heart with differential electrodes, is required be- 
fore much clinical significance should be given to splintering of the 
QRS complex. 

Contrary to most of the recent reports as to the electrocardiographic 
changes in men who are exim.sed to high altitudes, the S-T segnient and 
T wave were not depressed. They arc in accord, however, with the ob- 
servations of Kountz and Gruber,^® and revealed elevation of the S-T 
segment and increase in magnitude of the T wave. Since either change 
may be encoimterecl subsequent to acute coronary occlusion, these ob- 
servations are highly suggestive of anoxic impairment of the myo- 
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carclium. The fact tliat such changes occiu' more promptly and con- 
spicuously in nontolerant animals during sustained anoxia suggests that 
the myocardium is an important factor in the problem of tolerance to 
high altitudes. However, the facts that the electrocardiographic de- 
flections are gradually restored to normal upon retuim of the animal 
to atmospheric air, and that they remain so to the end, suggest that the 
progressive decline of blood pre.ssure which follows subsequently is due 
to peripheral rather than cardiac factors, 

SUMMARY 

1, A .simple form of rebreathing .spii-ometer is described which is 
suitable for varying the rate of oxygen reduction (rate of simulated 
ascent) and for maintaining the ultimate percentage of oxygen bi'cathed 
(theoretical attained altitude), 

2, Dogs anesthetized with sodium barbital vaiy greatly in their re- 
.sistance to sustained anoxia, and can definitely be placed in tolerant 
and nontolerant groups as regards the “altitude” and duration of ex- 
posure which they can endure, 

3, Differencas in re.sponses in the two groups were not marked during 
the period of “ascent,” except that the nontolerant group did not seem 
to increase their respiratoiy minute volume as early, 

4, During sustained anoxia and until the sudden crisis, tolerant dogs 
showed acceleration of the heart, an e.ssentially normal mean artertal 
pressure, a reduction in amplitude of the QRS deflection in all leads, and 
.slight decreases in the duration of the P-R interval, QRS deflection, and 
electrical sj'.stole. On returning the animals to atmospheric air after the 
crisis, there was good but rarelj’" complete recovery in blood pressure, 
but after six to twelve hours most of the dogs passed .slowly into a state 
of circulatory failure. In this kind of circulatory failure there vas no 
evidence in the electrocardiograms that failure of the myocardium was 
concerned, 

5, Nontolerant dogs, even when maintained at lesser degrees of anoxia 
or for shorter periods, generally showed less increase in minute re.spira- 
tory volume and a gradual decline of mean pre.s,sure during the sustained 
low-oxygen period. In addition to the changes .shown by tolerant an- 
imals, the electrocardiogram often .showed marked .splintering of QRS in 
several leads (usually Leads IT and III), elevation of the S-T seg- 
ment, and/or increase in the T wave, which often equaled that of R- 
These changes were reduced and often aboli.shed on returaing the an- 
imals to atmospheric air, 

6, Although the circulatory failure which followed expo.sure of dogs 
to sustained ano.xia was apparently due to peripheral circulatory fac- 
tors, the changes in the electrocardiogram were suflleiently conspicuous 
to suggest strongly that the r&sponse of the myocardium during expo.sure 
is an important factor in determining tolerance to sn.stained anoxia. 
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.SARC0JJ30SJS OF THE HEART 

RkI’OKT ok a CaSJC AXD RkVIIOW 01^ TJIK Lri’KItATUKK 

John B. Johnson, M.D., and Rodkih' S. Jason, MJ3. 
Washington, 13, C. 

T J:U5 early ol).sorval.ion.s on tlie disease which is now lernied sarcoidosis 
siif^gested that it was solely a disease of the skin3’* However, 
since SchanmaiiiF indicated, in 1914, that the disease may involve the 
intenial organs of the body, the gcMcralized nature of the disease has 
been recognized, a))d now it is kinnvn tliat praelieally any organ in 
1he body may be involved. The ease 1o be 7-eporled was one of gen- 
eralized sarcoidosis which was unu.sual in that extensive involvement 
of the lieart produced the most .serious .sym])loins and caused the death 
of the patient. We have I’eviewed the lileratiii'e with particular refei'- 
encc to demonstrated cardiac lesions and the symptoms which were 
directly related to tluise lesions. 

CASK KKKOKT 

L. D., Negi- 0 , male, aged 24 years; Unit Number 020-12.1.^ 

This patient was admitted to Freedmen’s Ho.spital Nov. 24, 1941, 
complaining; “I have ti'ouble getting iny bi-eath.” The .study of his 
case revealed the following pertinent facts: 

Family Jfisiory. — Kathei- dead of unknown cause; mother and one 
sister living aiifl well ; one sister chronically ill, and one dead of chronic 
disease, causes unknown; wife and three children living and well, and 
had negative chest loentgenograms. 

Pa.sl History . — Excellent health until onset of last illness. 

Last Illness. — Initial synijitonis of headache and cough began in 
Aj)i'il, 1941, about eight months prior to death. When he was ex- 
amined at another ho.spital because of these complaints, his tempera- 
tuj-e was normal and physical examinatioji Avas negative, although 
i-oentgenograms of the chest showed enlarged mediastinal node.s. In 
3Iay, 1941, additional .sjnnptoms appeared, namely, blurring of vision, 
loss of taste on the left side of the tongue, numbne.ss and iveakness of 
the left side of the face, difficulty in speaking, and defectiAm heai’ing 
on the left. Physical examination at the same ho.spital shoAved inA'olye- 
ment of the seventh, eighth, and tivelfth nerve.s, and di.sclosed papill- 
edema of the left disc, coar.se tremors of the hands, fine rfiles at the 
base of the right lung, and a noj'mal tcmpej'ature and pulse rate. 
Hoentgenograms shoAved increased size of the mediastinal node.s, to- 
gether Avith pulmonary infiltration, parti cul aid of the right loAver lobe 
(Fig. 1). Tuberculin tests and repented sputum examinations for 
tubercle bacilli Avere negatiA'e, Tlie patient Avas discharged from the 
hospital alter one month, at Avhich time he .sliOAved but little improAX*- 
Examination at another ho.spital in October, 1941, because of 

TTnK^.r»l»,V'\,P‘OypOncnt.s of Mediciiic ;ind P;iUiolo[r.v, CoIIorc of Modicine. How.-iid 

ijnnorslty, A\ .'i.'jliinfjton, U. C. 
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progressive loss o£ vision, showed large vitreous floaters, pigment de- 
posits in the lenses, and vision as foUows; O.D., 20/50, and O.S,, 20//0. 
A- tentative diagnosis o£ Boeck^s sarcoid or tiiherciiloiis uveitis was 
made. Intermittent attacks of palpitation and tachycardia, associated 
with fainting spells, began to occur in August. 1941. Dyspnea on ex- 
ertion, and then orthopnea, began in November, 1941, by which time 
patient had noted considerable weight loss. 



Fig. 1. — Dense lesions involving mediastinal nodes, merging: -with, and partly obscur' 
ing, the cardiac borders, and spreading out into the lungs. 


Physical Ezamination . — The patient appeared chronically ill. He 
had orthopnea, moderately distended Jugular veins, an enlarged and 
tender liver, medium rales, but no consolidation, at the bases of the 
lungs, slight edema of the lotver extremities, a rectal temperature of 
37.6° 0., a iiulse rate of 90, and a blood pressure of 100/65. The heart 
was enlarged to the left anterior axillary line, and there was bilateral 
widening of the supracardiae area of dullness,* the heart showed an 
irregular irregularity, udth rapid changes in rate, and, at times, a 
rapid and regular tachycardia, but, more usually, a slower rate, with 
many premature beats; there was a pulse deficit of 75. The venous 
pressure was 240 mm. of water, the circulation time, 55 seconds, and 
the vital capacity, 28 per cent of normal. 

Laboratory Data . — The blood lYasseimiann reaction was negative. 
The hemoglobin was 80 per cent (Sahli) ; the erythrocytes numbered 
5,470,000, and the leueocjdes, 10,500. The differential ikicocyte count 
was normal. The total plasma protein was 7.1 per cent. The urine 
was normal. The roentgenograms showed enlargement of the heart 
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and increased density at the bases of both lungs. There was no in- 
crease in the size of the mediastinal node.s (Fig. 2), The electrocardio- 
grams showed evidence of marked venti’icular irritability, Avith pre- 
mature ventricular beats from multiple foci, and paro>:y.smal ventricu- 
lar tachycardia. The sound tracing was difficult to inter-pret (Figs. 
3 and 4). 



Fig^. 2. — Den.-je le.sions involving moUiasOnal nodes, marked enlargement of heart, 
increased density of bases of lung.s. 


Hospital Course. — In addition to .scdative.s, the patient Avas giA'en 3 
Gm. of quinidine .sulfate in 72 hoiir.s. There Avas no improvement in 
the cardiac mechanism. On the fourth hospital day the patient de- 
A'cloped a temperature of 38.5^ C. and a severe cough, Avith blood- 
tinged .sputum in Avhich a Type 28 pneumococcus Avas found- There 
Avere more rales, e.specially in the idght, loAver, lateral part of the chest. 
He was thought to haA'c pulmonary infarction or bronchopneumonia. 
Sulfadiazine AV'as giA'en, and its blood Ica'cI Avas 4 rag. per cent at the 
tmd of 48 hour.s, but the temperature continued to be about 39'' C. for 
four days. The signs of conge.stiA'e failure increased. Oxygen Avas 
giA'en. The cardiac irregularity continued, AA'ith a pul.se deficit of 75. 
The quinidine Avas increased to 1.2 Gm. daily, after AA'hieh the electro- 
cardiogram shoAved longer penods during Ai'liieh the meehani.sm AA'a.s 
normal, PulmonarA' edema became scA'cre on the ninth hospital day; 
phlebotomy (-300 c.e.) A'/as done, and six cat units of digalen Avere in- 
jected intramuscularly. During the next three days there v/as much 




Fig. 3. — Electrocardiogram showing transient ventricular tachycardia and periods 
of premature ventricular beats from multiple foci. Several prolonged P-R intervals 
are present (0.28 second). 
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improvement. However, on the twelfth liospital day the patient had 
a chill, and became disoriented. He died suddenly on the thirteenth 
hospital day. 

Clinical Impressions. — (1) Media.stinal tumor (type unknown), with 
probable extension into the myocardium; (2) ventricular irritability, 
Avith premature ventricular beats and paroxysmal ventricular tachy- 
cardia; (3) congestive heart failure; (4) pulmonary infarction or 
bronchopneumonia. 

AUTOPSY 

The autop.sy Avas begun fourteen hours after death, and revealed the 
folloAving significant gross changes: 

Externally. — ^Dryness and some desquamation, but no nodular lesions 
of the skin; edematous SAvelling of the preauricular part of the left 
side of the face; .slight enlargement of the left brea.st; petechiae OA'cr 
the left claAnele; cyano.sis of the nail beds and di.stention of the jugu- 
lar veins. 

Abdominal Cavity. — About 150 e.e. of slightly bloodtinged fluid, Avith 
strands of fibrin, but no nodular lesions. 

Pleural Cavities. — About 500 e.e. of similar fluid in the right pleural 
caAuty and 110 e.e. in the left; granular le.sions, re.sembling miliary 
tubercles, involA'ing the visceral jileura, and fibrous adhesions involv- 
ing the posterior and lateral pulmonic surfaces. 

Pericardial Cavity. — About 100 e.e. of .similar fluid. 

Circulatory System. — The large arteries and veins of the trunk Avere 
apparently noi’inal. Heart (Fig. 5); Aveight, 500 grams; thickness of 
the left A'entricle, 10 to 20 nim., and of the right, 5 to 7 mm,; hyperemic 
epieardium, Avith multiple .small and coalescing, granular, tubercle-like 
lesions; large cpieardial scar at the apex anteriorly, A\ith rai.sed central 
plaque and a hemorihagic border; myocardium soft and mottled in 
color because of hyperemia; small, grayish, tubercle-like lesion.s, and 
pink, myxomatous-like sears, 5 to 7 mm. in diameter; no valvular 
sclerosis. Valve oilfices: tricuspid. 12 cm., pulmonic, 6 cm., mitral, 
9 cm., and aortic, 5.5 cm., in ei?-cumference ; mural apical thrombus of 
the left A’-entricle. 

Respiratory System. — Frothy, mucoid, and slightly purulent exudate 
in the tracheobronchial passages. Lungs (Fig. 6) : Aveight together 
A\dth bronchi, loAver trachea, and mediastinal lymph nodes, 1,800 grams; 
many .small and coalescing, tubercle-like lesions, .slightly raised above 
the pleural surface, and measuring 2 to 4 mm. in diameter; focal, red- 
dish areas sugge.stiA'e of infarction ; recent sears inAmhang the pleura 
and extending into the lung tissue from 1 to 3.5 cm.; cut surfaces 
showed edema, many tubercle-like le.sions. small sears, and slight lobu- 
lar consolidation. 

Spleen and. Lymph Nodes. — Spleen .slightly enlarged and moderately 
soft, Avith .scattered, small, tubercle-like lesions, but these Avere not pal- 
pable as nodules. Tracheobronchial hinph nodes (Fig. 6) enlarged 
and seemed to coalesce, forming a ma.ss 8 cm. in maximum diameter 
and extending around the right main bronchus. Afoderate enlarge- 
ment of the lymph nodes around the head of the pancreas; other lymph 
nodes not enlarged. ' 

Dufcstive Sy.st cm.— -Passages normal except for petechiae of the stom- 
ach and duodenum; liver Aveighed 1,850 grams, had accentuated lobular 
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Fig. 6.— Lungs, lower tracliea, main bronclii, and ti'acheobronchial lymph nodes. 
Many small tubercle-like lesions appear on the lung surfaces, associated with localized 
scars and remnants of fibrous pleural adhesions. The hmaph nodes are enlarged 
forming a larg“ mass. . "-‘b 



S52 


AMERICAN HEART JOURNAL 


marlrings caused by passive congestion; gall bladder, bile ducts, and 
pancreas normal. 

Urinary System. — ^Kidneys weighed, together, 350 grams; there was 
a small infarct in each one, and slight^ adherent capsules ; ureters nor- 
mal ; ecchjTuoses of the bladder mucosa. 

Brain and Meninges. — No gross abnonnality. 

Generative Organs. — Normal. 

Endocrine Glands. — (Hypophysis, thyroid, and adrenal.) Normal. 

On microscopic examination, tubercle-like lesions were found in the 
heart, lungs, lymph nodes, spleen, liver, and testes, whereas the pan- 
creas, hypophysis, thyroid, adrenals, kidneys, breast, bone marrow 
(fi'om one rib), and the brain did not reveal these lesions. The myo- 
cardium and, to a far less extent, the endocardium and epieardium 
were observed to be the seat of a chronic granulomatous inflammation. 
The earlie.st and smallest lesions eonsi.sted of an infiltration of lympho- 
cytes and a few mierophages into the stroma between and about muscle 
fibei’s (Pig. 7), In older lesions the muscle fibers had disappeared, and 
their site Avas occupied by large mononuclear epithelioid leucocytes 
and giant cells, Avith a peripheral boi’der of lymphocytes, but Avithout 
mierophages (Fig. 7). At this stage the le.sions bore a superficial re- 
semblance to miliary tubercles, Avithout caseation. When the le.sion.s 
coalesced, many small capillaries Avere seen. The oldest lesions .showed 
gradual replacement of the epithelioid and other cells by fibroblasts, 
leading eA'entually to scarring. Some of the sears Avere old; others 
Avere relatively young, and, at their margins, progression of the inflam- 
mation AAms apparent (Pig. 8). Occasionally, small blood Amssels Avere 
occluded by thrombi ; some shoAved inflammation of their Avails, and 
one or tAvo contained giant cells in their lumina. In one section, taken 
from the apex of the Amntriele, there Avas a mural thrombus under- 
going organization. In a section from near the base of the interA'cn- 
tricular septum, the inflammatory process did not iiiAmlve the moi’e 
superficial mu.scle fibers. 

All sections of the lungs shoAved .small lesions Avhieh Avere indis- 
tinguishable morphologically from noncaseating miliary tubercles (Fig. 
9). These inAmh'ed the fibrous framcAvork, aNeolar Avails, and aNeolar 
lumina of both lungs, and they Amried from early lesions to old ones 
undergoing hyalin sclerosis. The le.ss inAmlved portions of the lungs 
.shoAved edema, focal deposits of fibrin, and extensNe, but not heaA’y, 
infiltration of ah'eoli by maerophagc.s. In three sections there aa’CI'c 
. subpleural lesions of large size, undergoing hyalinization and infarct- 
like necrosis, Avith a preseiwation of the tissue pattern in the inAmlAmd 
parts. The areas AA'hich, gi’o.ssly, simulated infarction shoAved only 
hemorrhage microscopically. 

The enlarged lymph nodes Avere involved almost entirely by an in- 
flammatory process like that in the heart and lungs; it spared the 
cap.sules and did not appear to extend into ad,jacent tissues. Giant 
cells Avere found in abundance, but there Avas no caseation in the 
tubercle-like lesions. 

In the liver, in addition to typical, tubercle-like lesion.s, there Avere 
others consisting of a fcAv mierophages, lymphocytes, and some macro- 
phages. The testes revealed, in addition, acute inflammation of the 
ar^rial Avails, Avith the cellular reaction of the more acute lesions. 

Cultures made from the spleen and lungs AA'cre reported to haA'C 
yielded groAA'ths of Streptococciis Jiemolyticus, Staphylococcus aureus 
and pneumococci (not typed), but no acid-fast organi.sms. Acid- 
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Fig-. 7. — ^Heart: the earliest lesions consist of infiltrations of leucocytes in the 
stroma between muscle fibers; older ones consist of epithelioid cells and giant cells 
in a stroma which replaces destroyed muscle fibers. 



Fig, S. ^Heart: a well'-rascularized scar is shown, at the marein of -wiiicVi tihp> 
cS of thfflS**"” tubercle-like lesions. A^yfntTerypeaTf 'Sar thi 
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fast and Gram stains on the sections of the heart and lymph nodes, as 
well as the lungs, failed to reveal haeteria or other parasites in the 
tubercle-like lesions. 

Anatomic ViagnoHca. — ^iVetive, healing, and healed, noncaseating tu- 
herele-like lesions affecting the myocardium, epieardium, and endo- 
cardium, Auseeral pleura, lungs, spleen, liver, thoracic and ujjper ab- 
dominal lymph nodes, and teste.s — ^Boeck’s sai'coid; dilatation, hyper- 
trophy, and left ventricular mural thrombosis of the heart; bilateral 
renal embolism and infarction; bilateral pulmonary infarction; organ- 
izing, slightly hemorrhagic, fibrinoserous pericarditis, bilateral pleuritis 
and peritonitis; degeneration of parenchymatous organ.s, vdth splenic 
softening; chronic passive congestion of viscera; edematous swelling 
of the right side of the face, and bilate/'al pulmonary edema; muco- 
])urulent Iracheobi-onehitis; terminal .septicemia (hemolytic streptococci 
jind ])neumococci) ; peteehiae or ecehyinoses of the mucosa of the stom- 
ach, duodenum, aiid urinary bladder, and of the .skin over the right 
clavicle; left gjmeeomastia. 



Elg. 9. — ^I/ungr, shoT.'Jng’ a small tubercla-llke lesion aOJacent to a large vein. 


Thi.s patient presented the typical lesions of sarcoidosi.s, although the 
unusually rapid course and the severity of .symptoms were quite in 
contrast to the u.sual picture in .sarcordosis. The exten.sive cardiac 
involvement was undoubtedly re,spon.sible for these tv.'o atypical fea- 
tures of the di.sc-a.se in thi.s patient. 


KEmW OF THE ETTERATURE 

A study of the case I'eports of generalized sarcoidosis re%'eals very 
fev.' eases in wliich cardiac lesions have been demon.strated at autop.sy- 
Bemstein, et al.,'* reported a ca.se in v,'hich le.sions were found in the 
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epicardiiim and myoeardinm. There was no clinical evidence that 
these lesions produced any abnormality of cardiac function. In the 
second of the four autopsy eases presented by Schaumann,^ in 1936, 
there were many lesions of the heart which were limited, apparently, 
to the epicardium. The lungs were extensively involved bj^ a chronic 
granulomatous inflammation, and showed many sclerosed and obstructed 
vessels and considerable emphysema. The patient had a long history 
of palpitation, and, during the last year of life, congestive heart failure 
developed; the blood pressure was 110/88; the electrocardiogram showed 
right ventricular preponderance and inversion of To and T3. Sehau- 
mann. expressed the opinion that the cardiac failure was secondary to 
the increased pulmonary resistance caused by the extensive lesions 
in the lung parenchyma. In the first of the six autopsy cases reported 
by Nickerson,® in 1937, there were typical lesions of the parietal peri- 
cardium. Solitary lesions -were found also in the myocardium and 
subendoeardium. There had been no cardiac arrhythmia. There was 
dyspnea, but the patient had pleural effusion as a result of sarcoid 
involvement of the pleura. The electrocardiogram was not reported. 
Spencer and Warren' reported a. ease of generalized sarcoidosis in 
which microscopic lesions were found scattered throughout the myo- 
cardium. There was no clinical evidence of cardiac involvement. No 
electrocardiogram was reported. Cotter® reported a ease which was 
similar in many respects to the ease presented here. The course was 
rapid, and the patient died of cardiac failure caused by extensive 
sarcoidosis of the heart. The heart was enlarged and there was pre- 
cordial bulging. The blood pressure was 140/110. Congestive heart 
failure was marked. The electrocardiogram showed a variety of ab- 
normalities during the hospital course : sinus tachycardia, arborization 
block, shifting pacemaker, auricular fibrillation, and complete heart 
block. At autopsy the epicardium and pericardium were normal, but 
the myocardium was extensively infiltrated by typical sarcoid lesions. 
The endocardium ivas also involved, including sessile nodules on the 
mitral valve. 

In three of the four autopsy cases reported by Longcope,® in 1941, 
there were lesions of the myocardium. In one of the eases, scattered 
nodules were found in the myocardium, but clinically the patient 
showed neither signs nor symptoms of cardiac disease. A second pa- 
tient wlio had had no Imown previous cardiac symptoms dropped 
dead on his doorstep. Autopsy shoAved extensive infiltration of the 
pericardium Avith sarcoid tissue, but the other structures of the heart 
Avere not involved. The third patient had sarcoid nodules scattered 
throughout the pericardium and myocardium. In addition, there Avas 
a laige scai in the iuterA'entricular septum AA''hich probably accounted 
foi the ten-yeai historj' of Adams-Stokes syndrome and the complete 
auriculoA’cntricular dissociation AAliich Avas shoAAm by the electrocardio- 
gram. In AUCAV of the history of syphilis and of the fact that the pa- 
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tient had received aiitisyphilitie treatment, the author could not ex- 
clude syphilis as the cause of the scar. Premature beats were also seen 
in the electrocardiogram. 

Many clinical reports, without autopsy, have indicated the presence 
of cardiac abnormalities in patients with sarcoidosis. In two of the 
four cases reported by Salvesen,’® in 1935, there were changing abnor- 
malities in cardiac mechanism. There were repeated attacks of parox- 
ysmal tachycardia and severe palpitation in Case 3. The electrocar- 
diogram showed inversion of Tg aiid T-j. The heart was normal in size 
in Case 4, but the cardiac mechanism was abnormal. The electro- 
cardiogram showed transient right bundle branch block, with prema- 
ture beats in the form of bigeminy. Tachycardia was rather constant. 
The patient was treated with quinidine ehloride for seven days, aftei- 
which the bundle branch block disappeared. However, exercise and 
amyl nitrite caused return of the block. Harrell” reported electro- 
cardiograms in eight eases in Avhich there were no cardiac symptoms. 
No changes in mechanism were found. Longcope and FisheN® .stated 
that three of their unautopsied patients had evidence of myocardial 
damage and cardiac enlargement. Other case reports list dyspnea on 
exertion as a .symptom, but, in these instances, mediastinal masses or 
pleural effusion, or both, were present, and could well have accounted 
for this symptom. It seems likely that some of these patients may 
have had sarcoid lesions of the heart, especially those who had striking 
and variable changes in cardiac mechanism. However, in the absence 
of autop,sy confirmation, the other, more common, causes of cardiac 
disease cannot be excluded. This is well illustrated in Schaumann’s' 
third case, in which the patient had tachycardia, premature beats, and 
low voltage in Leads I and HI, but at autopsy no evidence of sarcoid 
lesions was found in the heart. 

A review of the case reports of Boeck’s sarcoid with cardiac lesions 
is hampered by the lack of uniformity in diagnostic criteria and the 
fact that many authors are of the opinion that sarcoidosis is a prolifer- 
ative and noncaseating type of tuberculosis. The evidence for this 
concept of sarcoidosis is discmssed in detail by Pinner.^® Garland and 
Thomson^^ reported a case of uveoparotid tuberculosis in which there 
was massive involvement of the visceral pericardium and myocardium. 
This case meets all of the cxdteria for sarcoidosis. Both eyes and 
parotids were involved ; the von Pii’quet te.st was negative ; at autopsy, 
disseminated lesions were found in the parotids, liver, kidneys, lungs, 
uterus, and heart. The microscopic picture was typical. No evidence 
of caseation was found in any of the lesions. Repeated Ziehl-Neelsen 
stains of the lesions were negative for acid-fast organi.snis. The pa- 
tient had had dy.spnea, but no arrhythmia. No electrocardiogram was 
reported. Another case of uveoparotid fever was reported by Thom- 
son’® in 1930 : it meets all of the cidteria for a diagnosis of sarcoidosis 
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of tlie heart except for the fact that acid-fast bacilli were found in 
one of the slides from macerated pieces of the myocardium. 

In the case reported by Taussig and Oppenheimer^® as one of seA^ere 
myocarditis of unknoAra cause, there Avere disseminated, tubercle-like 
lesions in A\diich no tubercle bacilli could be demonstrated. HoAveA’'er, 
this patient did haA’-e a positiAm tuberculin test and there Avas necrosis 
in some of the lesions. Jonas^' described fiA^e cases of granulomatous 
myocarditis, including that reported by Taussig and Oppenheimer. 
Case 3 of this group, in AA^hich the patient had a rapid course, a nega- 
tiA’'e tuberculin test, recurrent attacks of paroxysmal tachycardia, and 
died suddenly, cannot be distinguished from some of the typical cases 
of sarcoidosis AAdth cardiac inAmh’^ement. Anatomically, the lesions 
AA^ere Avidely disseminated and tubercle-like, AAuthout caseation. Ziehl- 
Neelson stains of the lesions shoAA’-ed no acid-fast organisms. Guinea 
pig inoculations AV’-ere negatwe. The other four cases are less sugges- 
tiA’-e of sarcoidosis in that, in Cases 2 and 5, there Avas considerable 
caseation, and the lesions in Cases 1, 4, and 5 AA'ere not regarded as 
typical tubercle-like lesions. 

Hirayama^® reported a ease of specific mjmcarditis in AA^hieh lesions 
AA’-ere found in the heart, lungs, liA'er, and tracheobronchial nodes. 
Microscopically, the lesions Avere like noncaseous tubercles, and hence 
Avere typical of sarcoidosis. Studies for tubercle baciUi and spiro- 
chetes AA’-ere negath^e. The patient had had recurrent attacks of short- 
ness of breath and cardiac arrhythmia. In Brosig’s^® case the lesions 
cannot be distinguished microscopically from sarcoidosis. This pa- 
tient died suddenly. No history AA’^as aAmilable. The mediastinal nodes 
and the heart, including the septum, shoAA^ed extensiA’-e iiiAmlvement. 
Studies for tubercle bacilli AA’-ere negath’^e. Brosig refers to several 
other eases in the earlier German literature AA'^hich Avere of the same 
character as his, but Avere not reported as sarcoidosis. Undoubtedly 
there are other, similar cases in the literature AAdiieh are typical of 
sarcoidosis, although they are reported as atj’pical tuberculosis, specific 
myocarditis, granulomatous myocarditis, or myocarditis of unlmoAA’n 
cause. 

SUMMARY 

1. A case of generalized sarcoidosis in AA^hich there Avas massive in- 
filtration of the myocardium is reported. The patient had had pre- 
mature ventricular beats from multiple foci, paroxysmal ventricular 
tachycardia, and seA’-ere congesthm heart failure. 

2. Eight cases of sarcoidosis of the heart Avere found in a revieAv of 
the literature. Clinical CA’^idence of heart disease Avas present in three 
of these cases, and sudden death occurred in another. The electro- 
cardiogram shoAved no characteristic changes, but in several of the 
cases of massive cardiac hiA’^olA’-ement there Avere pronounced abnor- 
malities of the cardiac mechanism. 
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3. There seems to be little or no occasion to doubt that some of the 
cases reported as atypical tuberculosis, specific myocarditis, granu- 
lomatous myocai-ditis, and mj’-ocarditis of unknown cause wei-e, in fact, 
eases of sarcoidosis of the heart. 
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Clinical Reports 


COR TRIVENTRIGULAR.B«= 

Report of Case 

OoiMI^IANDER B. E. Koxwaler, JIC, U.S.N.R. 
jMare Island, Calif. 

T his case is being reported because tbe author has not been able to 
find a report of a similar congenital anomaly.^ The specimen was 
shown to members of the Anatomy and PatliologT Departments of the 
University of California and of Stanford University, who, like^vise, 
eonld not recall seeing such a case.*’’ ‘ 


CASE REPORT 


Histonj. — C. A. R., a white man, 23 years of age, was admitted to the 
U. S. Naval Hospital, i\Iare Island, May 17, 1942. For two mouths 
prior to his admission he had been under the care of the Naval Dispen- 
sary staff at Long Beach, where a diagnosis of congenital heart disease, 
with subacute bacterial endocarditis, was made, and, on two occasions. 
Streptococcus virkkms was recovered from the Ifiood. 

On admission to the hosjutal, the patient gave the following history: 
In December, 1941, he developed severe, daily headaches and felt fever- 
ish e%'ery day. In January, 1942, he developed right-sided, pleurisy, and, 
two weeks later, had pleuritic pains in the left side of tlie chest. He 
was hospitalized and continued to have daily afternoon fever, with at- 
tacks of pain in his abdomen and chest. He had occasional attacks of 
precordial pain, dyspnea, and palpitation, and these grew worse. His 
past history I’evealed that he had had measles, mumps, rheumatic fever, 
and pneumonia. His mother further stated, “He has always had a bad 
heart. ’ ’ 

Physical Examination (On admission). — The patient was a well-de- 
veloped and well-nourished white man who appeared pale and tired. 
There was an area of dullness in the base of the left limg. The heart was 
not enlarged to percussion. The point of maximum impulse was in the 
fifth intercostal space within the midclavieular line. A thrill was pal- 
pable over the entire precordium, but was bestdelt over the third inter- 
costal space on the left. The rhythm was regular and the rate was 88. 
A loud, harsh, blowing systolic murmur was heard over Erb’s point, 
was transmitted to the right shoulder, and could be heard over the entire 
anterior surface of the left side of the chest. The spleen was palpable 
and tender. 

Course in Eosjntal.—Diwing his stay in the hospital, he grew steadily 
worse. He showed, at intervals, symptoms and signs of embolism of 
various organs, especiaUy the lungs and kidnevs. He ran a spikelike 
temper ature curve, developed pleural effusion bilateraUv, showed orad 
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tial enlargement of his liver and spleen, and, finally, three days before 
death, had extensive purpura. His therapy consisted of the following: 

1. Heayj’^ doses of sulfonamides, at times resulting in a blood level of 
over 20 mg. per cent. 

2. Eepeated, whole-blood tran.sfu.sions. 

3. Opiates for both the preeordial pain and the pain resulting from 
emboli. 

4. Oxygen. 

Laboratory Sivdies . — An electrocardiogram nine days before death 
showmd no striking abnormality. There were sinus tachycardia (rate 
124), right axis deviation, a P-R interval of 0.17 second, a QRS inteiwal 
of 0.10 second, and depressed S-T segments in Leads I and II. Fluoro- 
scopic and roentgenographic examination of the chest, .shortly before 
death, revealed generalized cardiac enlargement, with a prominent conus 
and definite enlargement of the right ventricle. Blood cultures .(taken 
before the use of sulfonamides) .showed nonhemolytic .streptococci. After 
the sulfonamides were given, six blood cultures w'cre negative (however, 
no p-amino-benzoic acid had been added to the culture media to neu- 
tralize the .suKonamides in the blood). His erythrocyte count was gen- 
erally about 3,500,000 despite repeated tran.sfu.sions, and, at one time, 
fell to 2,900,000. As the patient began to develop edema of the lower 
extremities, his total protein (serum) fell to 4.17 per cent and his al- 
bumin/globulin ratio was 1 :1. 

Summary of Neci'opsy. — Died: Nov. 25, 1942, 4:0.9 a.jl Necrop.sy: 
Nov. 25, 1942, 9:30 A.M.' , • 

The body -was that of a white man who appeared , to be about 30 
years of age (actual age, 23 years) ; it wms about 71 inches in length 
and showed evidence of loss of w'eight. The right pupil "was somewhat 
irregular. There wms icterus (2 plus) which was quite marked in the 
sclera. Numerous petechiae w’ere scattered over the .skin, and some pur- 
puric areas were present over the tip of the nose, the right sclera, and 
the middle toe of the right foot. There wms 3 plus edema of the right 
foot, 2 plus edema of the left foot, and 1 plus edema of both legs. 
Neerop.sy was restricted to examination of the che.st and abdomen. 

Lungs and Pleural Spaces . — The diaphragm reached the fourth inter- 
costal space on the right and the fifth intei’costal .space on the left. The 
left pleural space wms completely obliterated by adhesions except for 
an area over the left upper lobe. There were dense plexxropericardial 
adhesions anteriorly on tlie left. Dense adhesions obliterated the right 
pleural carity posteriorly. Bach lung weighed 900 grams. There was 
a wmll-organized thrombus in the left pulmonary arteiy which occluded 
the entire lumen. A smaller thrombus was found in the right pulmonaiy 
artery. Both lungs showed numerous infarcts of various ages. lilost of 
the infarcts ware grayish-red and of fairly recent occurrence. There 
were quite marked pulmonary edema and congestion. 

Pericardial Sac . — Free of adhesions and anomalies. Contained about 

75 e.c. of bloodtinged fluid. 

Heart. — "Weight, 460 grams. Valvular measurements as follows: 

A.V. 7.4 cm. T.V. 13.7 cm. 

^r.C. 10.7 cm. P.V. 9.0 cm. 

Right ventricular wall, from 0.5 cm. to 1.7 cm. in thickness. Left ven- 
tricular ■wall, 1.9 cm. in thiekne.s.s. 
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There was an anomalous se])tum dividing the conns arteriosus from 
the body of the right ventricle. The pulmonary artery thus led into a 
conical chamber which had a perforation .in the upper portion of the 
septum for communication with the right ventricle (Fig. 1). This opmi- 
ing measured 1.5 cm. in diameter and bad a firm fibrous margin which 
was covered by vegetations. There were two smaller openings in the 
lower portion of the septum (Fig. 1). These measured about 3 mm. 
and also led into the right ventricle. No vegetations were visible grossly 
over these lower openings. The wall of this chamber measured about 
3 mm. The pulmonic cusps were covered by large, friable, cauliflower- 
like vegetations which extended domiward on the endocardium to the 
large opening in the septum, described above. Tlie remaining chambers 
showed no anatomic defects. There were small vegetations on the mitral 
valve (Fig. 3, arrow) ; more prominent vegetations were seen on the 
tricuspid and some on the aortic valve. There were small subendocardial 
purpuric areas in the right auricle and .small pctechiae in the epicardium. 



, Showing' abnormal extra chamber (ventricle) Note cauliflower-likp 


Tlie right auricle was dilated and the wall hypertrophied. The heart 
thus showed no external evidence of abnormal development, but con- 
tained a persistent septum which created a separate chamber from which 
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the pulmonary arteiy led. Blood passed Into this abnormal chamber 
through an opening in the upper portion of the anomalous septum, and 
this led into the right ventricle (Fig. 5). The margins of this opening 
were fibrous and covered by vegetations. There was no defect in the 
interventricular septum. (The anomalous openings are visible in Figs. 1 
and 2, which show the pulmonary artery, the anomalous chamber, and 
the right ventricle. Fig. 3 .shows the left ventricle and mitral valve.) 

Liver . — The inferior boi’der reached 13 cm. below the xiphoid process 
and 7.5 cm. below the right costal margin. Weight, 1,900 grams. On 
cut section, no gross infarcts were found. 






Fig. 2. — ^Right ventricle. Tricuspia valve foWc-a back to Bhov,- opening (a.rrow) lead- 
ing from right ventricle to abnormal chamber. 

Spleen. — Weight, 600 grams. The cut sui-faee .showed old and recent 
infarcts. The old infarcts wore yellowish, wedge-.shapcd, and showed 
beginning organization. 

Kidneys . — The right weighed 200 gi-ams, and the left, 230 grams. 
The renal capsules were somewhat adherent. On stripping the capsules, 
several moderate-sized, gi’ayish-red infarcts were visible on the cortical 
.surface. Also, numerous small peteehiae were seen on the .surface. The 
main renal arteries were opened and no thrombi found. 

Gastroinfesimal Tract . — The stomach contained .several hundred cubic 
centimeters of bloodtinged fluid. Particles of food were mspended in 
the fluid. The mucosa .shewed a number of small, pinhead-sized hemor- 
rhages. There was a moderate-sized purpuric area in a loop of .small 
intestine. The peritoneal earity contained about 200 c.c, of blood- 
tinged fluid. 
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AoKitomic Diagnoses. — (1) Congenital (embryonal) defect in heart; 
(2) anomalous septum formation in right ventricle; (3) perforations 
of anomalous septum; (4) valvular endocarditis, vegetative; (5) mural 
endocarditis; (6) infarction of lung, spleen, intestines, and kidney; (7) 
purpura; (8) cardiac hypertrophy and dilatation; (9) cardiac hepato- 
megaly; (10) cardiac splenomegaly; and (11) adhesive pleuritis, old. 
klicroscopie examination confirmed the gross diagnoses. 



Fig, 3. — Left ventricle. Interveptricular septum normal. Small vegetation on mitral 

valve (arrow). 

DISCU.SSIOX 

This case presents further evidence of the occurrence of bacterial 
inflammatory processes in cardiovascular defects.^- ^ Abbott points out 
that bacterial endocarditis is more likely to occur in those congenital 
heart lesions where there is mechanical obstruction to tlie flow of blood. 
Such areas act as a locus minoris resistentiae for invasion by micro- 
organisms which circulate through the blood stream from time to time. 
In our case, there was deflnite obstruction to the normal flow, for the 
Iflood had to pass through a narrow opening (1.5 cm. in diameter) to 
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reach the pulmonary artery. Abbott found an incidence of 17.6 ])er 
cent of bacterial endocarditis in eases of congenital heart lesions, and 
further found that this complication was more frequent among patients 
who live to maturity (the age of our patient was 23 years). 



Fiff. 4. — ^Illustrating’ transformation of bulbus cordis. AO, Primitive aortic stem : 
B, bulbus cordis; P, pulmonary artery; AU, auricle, left; PV, left ventricle; JtV, right 
ventricle. (After Keith.) 



Fig. 5 . — Illustrating circulation in reported case. PA, Pulmonarj' artery; I V, pwj- 
rnonaiy' vein; PVR, pulmonary venous re.sen'oir; HVR, systemic venous reservoir; 
right auricle ; RV, right ventricle ; I,A, left auricle, LV, left ventricle. 

Abbott and Dawson'* publi.shed a clinical classibcation of congenital 
heart disease in which the eases were di\'ided into three groups according 
to the mechanical effects upon the blood stream. Group 1 compri.sed 
cases without abnormal communication, but with strahi, e.g., coarctation 
of the aorta. Group 2 included cases of arteriovenous .shunt, e.g., 
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patent ductus arteriosus, patent foramen ovale. Group 3 included 
cases of venous arterial sliunt, e.g., cor triloculare biatriatum, persistent 
truncus arteriosus. Our case should probably be placed in Group 1, 
for the direction of blood flow was not actually changed, but thei'e was 
strain at the narrow, abnormal .opening in the anomalous septum. 

As to the origin of the anomaly encountered in this heart, it would 
appear to be the result of persistence of the bulbus cordis. Sir Arthur 
Keith^ has stressed the complicated changes that take place in the criti- 
cal bulbar region, and Abbott adds, '‘The researches of Greil on the rep- 
tilian and Keith on the human heart, and of Jane Eobertson on the 
fish show that the mammalian bulbus represents what was, at one time, 
an independent chamber with muscular walls and its owti system of 
multiple valves which, in the 'ontogenetic telescoping of ]fliylogenetic 
stages’ has become submerged.” This case may, tlierefore, be an ex- 
ample of a phylogenetic anomaly. Saunders,*^ in studying our case, 
stated, “There are two possible explanations: first, that tliere was some 
dichotomy of the original ventricular septum, the accessory portion 
dividing to the right and segregating the bulbus cordis; the otlier, that 
the septum of the truncus arteriosus instead of meeting the interven- 
tricular septum, has grown down to the right and separated off the ac- 
cessory chamber.” Tliis latter possibility can be visualized by a study 
of Fig, 4. The direction of blood flow in our case is shown in Fig. 5. 

SUMMARY 

A case of an unusual congenital anomaly of the heart is presented. 
The apparent persistence of the bulbus cordis, Aviiich became segregated 
from the rest of the right ventricle, resulted in the formation of a third 
ventricle. No other developmental defect Avas found, and the interven- 
tricular septum AA^'as intact. 
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CAEDIAC INVOLVEMENT IN TRICHINOSIS: REPORT OF A 
CASE IN WHICH THERE WERE ELECTROCARDIO- 
GRAPHIC CHANGES 


Theodore Z. Polley, IM.D., and Francis D, I\Iurphy', SI.D, 

^Milwaukee, Wis. 

I N A COjMPREHENSR^E review of the literature on the incidence of 
electroeardiograpliie changes as the result of myoeai’dial damage 
caused by Trichhiella .spiralis infestation it v/as found that the reported 
percentage of abnormalities vailed from 4.5 per cent'’ to 33 per cent.’’- 
Masters and Jaffe^*’ state that 25 per cent of the paticaits have prolonged 
P-R intervals (0,22 second, maximum) and 33 per cent exhibit inversion 
of the T wave in Lead IT. According to Spink,’- ^ the electrocardio- 
graphic eiddence of mj'ocardial damage in trichinosis is characterized by 
T-wave changes, ivliieh include initial flattening or invei’sion of the T 
wave, e.speeially in Lead II, with later reversion to the upright position, 
low amplitude of the QRS complex, and intraventricular block. Electro- 
cardiograms taken in a case de.serihed by Cu.shing'* showed that the T 
waves were inverted in Lead II and upright in Lead IV. These changes 
gradually disappeared. Pardee® mentions that T-wave changes may oc- 
cur in trichinosis. In their recent monograph. Electrocardiography tn 
Practice, Graybiel and '^Vhite’* contend that there is raiely any altera- 
tion of the eleetroeai’diograrn, although in some cases there are long P-E 
inteiwals and abnormal T waves. Katz’® makes no mention of electro- 
cardiogi-aphic changes in trichinosis in his Exercises in Electrocardio- 
graptliic Interpretation. 

The purpose of this paper is to report a case of proved ti-iehino-sis, 
with associated electrocardiographic changes, including definite T-wave 
alteration in the standard leads and two precordial leads, namely, I^TR 
and ORj. To date, the patient has been followed for a ten-month period. 
Electrocardiograms were taken three times within a tAvo-%veek period 
during the patient’s ho.spital stay, and monthly thereaftci’, in the Cardiac 
Clinic of the Slilwaukee County Genei-al Ho.spital. 


REPORT OF CA.SE 

History. — R, S., a 36-year-old w'hite woman, entered the ho.spital com- 
plaining of generalized body aches, lo.ss of strength, headaches, anorexia, 
nausea, vomiting, pain in the midepigastrium, chills, and fever, of two 
weeks’ duration. On que.stioning, she admitted that she had eaten raw 
hamburger and tenderized ham I’ecently on at least several occasions. 
The patient was apparently quite well until about two weeks before 

.. Efom tho Dfrpartm'int of iloflicine. Marquotte University School of Mc-ilicinc, 
the Mealcal Clinic.?, llilvraukoe County Genera! Ho.?pita!, Milwaukee, Wi5. 
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entry, when the above-named sjTnjitoms began and gradually grew 
worse. The initial symptoms consisted of pain in the midepigastrinm 
which radiated bilaterallj' into the flanks and the liaek. This was accom- 
panied b}' constant nausea, vomiting, and diarrhea. Shortl.y thei’eafter, 
the patient began to have pounding occipital headaches, and then de- 
veloped generalized liody aches, pains, and weakness, principally in the 
legs and arms, especially on movement. One week before entry, she 
noted marked swelling of the eA^elids. Four days before admission the 
patient felt veiy weak and found that she was unable to walk. A fever 
of 101° F. appeared, together with chills, Avhieh necessitated her remain- 
ing in bed prior to going to the hospital. During this illness she had for 
the first time a preeordial pain radiating into the left axilla. Her past 
histoiy was unimportant except for a gall bladder operation four years 
previously. 

Physical Examination. — Blood pressure, 126/74; pulse rate, 104; 
respiratory rate, 20; and temperature, 101.4° F. 

The patient was well developed, well nourished, very lethargic, and 
e.xliibited flushed features. The body was warm and moist. The eyelids 
showed slight edema, but the conjunctivae Avere clear. The tongue ap- 
peared slightly SAvollen. The ]iharynx Avas injected, and shoAved hyper- 
trophic lymphoid tissue. The chest Avas emphysematous and thick. The 
respiration Avas regular at 20 per minute. The lungs AA-^ere clear and 
resonant. On percussion, the heart Avas not enlarged; the apical impulse 
Avas not seen or palpated ; there AA^ere no thrills. Auscultation at the apex 
reA^ealed tones of poor qualit}". There was a moderately rapid rate, 104 a 
minute, Avith sinus rhythm. No murmurs AA*ere heard. No abdominal 
organs Averc palpable. There Avas slight tenderness OA^er the left calf. 

Progress Notes. — ^During the first eleA*en days, tlie pain in the biceps, 
deltoids, and cah’es persisted, then became progressiA'ely less, and finally 
subsided completely. The patient aa^s up and about after the fifth day, 
and during the AA’hole period the heart sounds Avere of good quality. No 
arrhythmia AA'as noted, and the patient had no cardiac comphaints. On 
the second hospital day, and again on the tAventy-lhird day, the skin 
test for trichinosis AA'as definitely po.sitive. Except for a temperature 
of 101.4° F. on the day of entry, and a temperature fluctuating betAveen 
99.6° and 98.6° F. for the succeeding three days, the })atient remained 
afrebrile throughout her hospital stay. 

The sedimentation rate by the Westergren method Avas 30 mm. for the 
first hour and 55 mm. at the end of tAAm hours. The urine and stool 
examination rcA^ealed no pertinent abnormalities. The blood Was.ser- 
mann and Kline reactions AA-ere negath-e. 

On the second hospital day the hemoglobin Aims 15 grams, and the 
leucocyte count, 27,050, AAuth 39 per cent eosinophiles. During the first 
three Aveeks of the disease, the leucocyte count fell gradually to 14,100, 
but the eosinophiles remained betAveen 32 and 50 per cent. Three months 
later the eosinophile count had fallen to 3 per cent, and seven months 
later, it Avas 2 per cent. 

Therapy consisted first of an obesity diet, and later of a high-calcium 
diet, magnesium sulfate, viosterol, and calcium gluconate. The patient 
lecoveied luieA'mitfully and AA'as transferred to the outpatient cardiac 
clinic of the i\'Iilwaukee County General Hospital. 

Electwcai diogi apJiic and Poentgenographtc Examinations. — Eleven 
days after entry into the hospital, or approximately tAventy-fiA^e days 
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after the onset of tlie disease, the first electrocardiogram was taken 
(Fig. 1). It revealed sinus tachycardia, definite left axis deviation, a 
slightly depressed S-T segment in J^ead I, an inverted. T wave in Leads 
II, IVll, and CI? 5 , and a low Tg. There was slight coving of the B-T seg- 
ment in Lead I, No otlier abnormalities woi-e noled. 



Fife'. 1. Kip. 2. Fife. .‘2. 


* — Electrocardiograms from patient rrlth trlchlno.‘»I« lieart dlBCasc. 

at the onBel, revcalln;; definite evidence of myocardial damage- Di.scussod in text- 
Fig. 1. I-eb. 17, 19-32; Fig. 2, Feb. 2C, 1932; and Fig. S, March 4. 1932. 

-Another, taken nine days later (Pig. 2), revealed changes similar to 
those in Fig. 1, %vith the e.xeeption that the S-T .segment in IVK shov/ed 
definite coving. 
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In the third electrocardiogram (Pig. 3) there }vere changes sugges- 
tive of healing. had started to recede, as liad the T wave in Lead 
CE 5 . The T waves in Lead III Avere negative, and the coving of the S-T 
segment in Lead lYR persisted. 



Fir. 4. Fi& 5. Fis. G. 


Figs. 4, 5, and G. — Electrocardiograms from patient with trichinosis heart disease, 
showing signs of healing. Discu.ssed in text. Pig. 4, ilav 7 , 1942 ; Pig. 5, June 4, 
1942 : and Fig. 6 , Oct. 20, 1942. 

The subsequent figures showed gradual return of the T waves to the 
isoelectric line in all the standard leads. The persistent flatness of the 
T waves in the standard leads and the inverted T waives in IVR and CEv; 
after an eight-month period would indicate residual myocardial damage. 

The teleoroentgenogram sliowed a slight increase in the transverse 
diameter of the heart, probably because of the short stature of the 
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patient. Radiographic .soft tissue studies of the lower part of the legs 
and the upper part of both arms demonstrated no evidence of ency.sted 
trichinae. 

Laboratory Examination . — Bone marrow obtained by sternal puncture 
revealed the following: Many mature polj'morphonuclcar leucocyfe.s, a 
profusion of eosinophiles in all stages of development, a .slightly in- 
creased number of plasma eell.s, and a normoblastic series which wa.s 
normal in distribution and maturation. 

Biopsy of the left ga.stroenemius .showed extensive intlammatoiy in- 
filtration with many eosinophile.s and leucocytes. No parasites were 
found. The inflammatory reaction was suggestive of trichinosis. 

Subsequent Cour.<ie . — The patient has been seen every four weeks since 
the date of her discharge. Her only com})lain1. has been occasional 
nervotisne.ss and cough. The heart on all occasions has been regulai’, 
with a rate of 88 to 90, and the blood p}-e.ssure remains at appimimately 
130/90. No munnurs are pre.sent. Another cutaneous test for ti'ichinosis 
was positive. The eleeti’oeardiographic changes are illustrated in the 
accompanying figures. 

C05LAIENT 

Medical literature leaves little doubt that the myocardium is resistant 
to the trichinella organisms. As early as 1860, Zenker” fiist ob.served 
the larvae in the myocardium of a patient who had died of the disease. 
Since that time, mention has been made of the fact by numerous ob- 
.servers, including Prothingham,” Pjym,” Graham,’* and Zollor.’" 
Zoller, who worked with guinea pigs, confirmed the work of Graham,” 
and obseiwed that the laiwae wei'e i-arely found in the myoca.rdium after 
the second Aveek of the infection. He concluded that the laiwae either 
Avei’e killed in situ or left the myocardium rapidly, re-entering the cii'cu- 
lation. The damage to the cardiac muscle Avas only temporary, he .stated, 
for at no time did he find any CA'idence of permanent alteration of the 
myocardium. 

The theory advanced by Simmond.s,”’ in 1919, lhat the lesions were 
caused by toxic .substances from the trichinae, carried b.A' the blood 
.stream to the heart, aa^s quite conclusiA'ely disproA'cd in 3933 by the 
AA'ork of Dunlap and Wellew on Avhitc rats Avhich Avere fed trichinou.s 
meat, and more recently by Mau.ss and Otto.'* Dunlap and Weller state. 
“The myocardium .shoAA'ed alterati\'e and exudative lesions in all luspccts 
comparable to those found in liuman hearts, Tiaehinae embiyos aa'ci’C 
found in the.se foci as early as five days after feeding. After aetiA'C 
migration of the larvae had ceased, the myocardium .shoAA'ed no reaction, 
although ency.stment of the larvae in skeletal muscle AA'as oecn.rring to a 
marked degree. 

“It is the presence of the larvae in tlie myocardium and their active 
migration, not a blood-borne toxic substance, Avhich produces tl.'c eharae- 
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teristie carditis. It is not quite clear Svhat are the factors probably in- 
herent in the heart muscle ^Yhich prevent eneystment.” 

Mauss and Otto^ state that the laipme invade the myocardium of rats 
and are destroyed in situ. Few inflammatory foci suggestive of the 
presence of worms were seen in the myocardium on the twelfth to 
fourteen day. 

Reports on the electrocardiographic changes caused by trichinella in- 
vasion of the myocardium have been to date rather uniform. Masters 
and Jaffe^° report a prolonged P-R inteiwal (0.22 second, maximum) 
and inversion of the T waves. Spink^’ - says that T-wave changes occur, 
especially in Lead II, and are accompanied by low amplitude of the 
QRS. Cushing® reports inversion of T2 and T3, and Grraybiel and 
IVhite^' agree with Masters and Jaffe.^® 

The electrocardiographic changes undoubtedly var.r decidedly with the 
amount of damage inflicted upon the myocardium at any one time, thus 
eliminating a pathognomonic electrocardiographic alteration. This was 
tine ill our case, in which there Avere T-Avave changes in all standard 
leads and in preeordial Leads IVR and CII5. The P-R inteinnl Avas never 
over 0.16 second and the QRS interval never over 0,04 second. The QRS 
complex approached Ioav voltage in the standard leads. The first tAvo 
electrocardiograms, taken on the eleventh and thirteenth hospital days, 
respectively, showed sinus tachycardia. Left axis deviation was present 
in all the electrocardiograms. 


SUMMARY 

A case of trichinosis, Avitli infestation of tlie heart and electrocardio- 
graphic changes suggestive of marked myocardial damage, is reported. 

The electrocardiographic abnonnalities are not ahvays limited to T- 
Avave changes in Leads II and III and prolongation of the QRS complex, 
but may include T-Avave changes in the precordial leads AAdiich simulate 
those AARich occur in m^mcardial infarction. 

Deviations of the electrocardiogram from normal are dependent 
upon the amount of damage inflicted upon the myocardium by the 
trichinellae. The damage undoubtedly varies Avith the number of in- 
vading organisms. 
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Selected Abstracts 


Katz, L. N., Eodljard, S., and Meyer, J.: Blood Pressure Eesponses of Dogs to 

Vitamin A and Vitamin D.. Am. J. Physiol. 140: 226, 1943. 

The authors cannot confirm the obsei’vations that vitamin A in large quantities 
lowers the blood pressure in hj-pertensive dogs; or that vitamin D in large quanti- 
ties raises the blood pressure in normotensivc dogs. 

However, it was found that, on occasion, a dog will show a slight lowering of 
an elevated blood pressure with vitamin A concentrate in fish oil or sesame oil, 
and a moderate rise in blood pressure with vitamin D. Attention is drami to the 
frequent occurrence of a moderate rise in blood pressure of fairly long duration 
which occurs after a latent period following cessation of vitamin A concentrate 
therapy. 

AUTIfORS. ■ 

Landsteiner, E. K., and Hayes, M.: The Effect of Temperature of the Blood 

on the Heart Rate, Am. .T. Physiol. 140: 256, 1943. 

In the intact cat and rabbit, the injection of cool physiologic saline solution 
(22° C. to 36° C.) into the external jugular vein results in a bradycardia, and, 
conversely, the injection of warm saline solution (43° 'C. to 57° C.) into the 
external jugular vein results in a tachycardia. This effect is not altered by bi- 
lateral cervical section of the vagus nerves, nor by the action of the several types 
of anesthetic agents employed. 

Authors. 

Cossio, P., Dambrosi, R. G., and Bottazzi, J. J.: The Unfolding of the First 

Sound of the Heart. Rev. argent, de cardiol. 10: 1, 1943. 

The simultaneous records of the phonocardiogram (electric method with 
selective microphones for different frequencies) with the venous pulse, central 
arterial pulse, or electrocardiogram, in fifty patients selected at random, present- 
ing at auscultation a reduplication of the first soimd, revealed that the reduplica- 
tion was systolic in forty-one (82 per cent) and presystolic in nine (10 per cent). 

In 61 per cent of the cases with systolic reduplication, the two components 
had the same tonality and practically the same duration, and in 39 per cent, the 
second component of the reduplication was sharper and shorter than the first, 
taking the characteristics of a click. In the first type the second component 
appeared between 0.60 to 0.08 seconds after the beginning of QES, and coincided 
with the ascendant limb of the main wave of the central arterial pulse, but in the 
second tjqie it appeared delayed (sometimes coinciding with a notcliing in the 
arteriogram) , 

In the presystolic reduplication, tlie first component was made up of vibra- 
tions of a lesser frequence, and, generally, not as broad as the second one. Al- 
most always, it was observed in patients with P-Q interval lasting more than 
0.20 second. In 20 per cent, it was a simple splitting; in the remaining 80 per 
cent, a reduplication; both types were better heard and recorded at the apex. 
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Out of the fifty patients, only 20 per cent had no organic cardiovascular dis- 
ease, and in every one of them the reduplication happened to be systolic, Tlie 
rest had systemic or pulmonary h 3 ^ertension, aortic diseases, or abnormal ven- 
tricular activation. 

In opposition to what wa.s previously found by the autliors, using the direct 
method of optical recording, in this work the presysfolic reduplication of the 
first sound appeared less frequently than the sy.«tolic one, and had alway.s a 
pathologic meaning, being observed when there were favorable conditions to the 
appearance of the auricular sound, whether due to prolongation of the A-V con- 
duction time, or to the increase of the diastolic remainder, 

■r " 

The systolic reduplication of the first sound may be due to ventricular 
asynchronism, or abnormal splitting of the i.sometric and cjective components, tlie 
latter being able to acquire all the characteri.stics of a click, owing to structural or 
hemodjTiamic alteration.s. 

AumoK-s. 

Gilligan, D. E., Altscbule, M. D,, and Katersky, E. M.: Physiological Intravascu- 
lar Hemolysis of Exercise, Hemoglobinemia and Hemoglobinuria FoUovdag 

Cross-Country Eiins, J. Clin. Investigation 22: Sot), J04S. 

Studies of intravascular hemolysis, as mca.surcd by the appearance of hexno- 
globinemia and hemoglobinuria, have been made in groups of athletes following 
cross-country runs of 2.0 to 26.2 mile.?. The plasma bilirubin, the red fragility, the 
hematocrit, and the urinary albumin and sediment wore also studied, 

Hemoglobinemia was observed in five of eleven young athlete.? who ran 2,0 to 
2,8 miles, in five of eleven athlete.? who ran 4.o to o.l mi]e.=, and in eighteen of 
twenty-two men who ran 20.2 mile.?. 

Hemoglobinuria was observed in one of tlie.?e athletes on three occasions after five- 
mile runs. Hemoglobinuria occurred in four of the twenty-two men who ran 20.2 
mile.s; these urines were brownish to very dark burgundy red. Ob.sen'ations on one of 
these four athletes .showed the occurrence of hemoglobinuria again after a 20-milc 
run. 

The oecuTTence of intravascular hemolysis uppruiretl to be unrelated to the age, 
body build, or standing position of the runner.^ or to the number of years or .state 
of their training. 

Hemoglobinemia and hemoglobinuria di.sappcared in a few hours after the end 
of the run. It has been calculated that the amount of blood de.stroyed intra- 
vascularly is very small. 

The p]a.sma bilirubin was distinctly elevated after the marathon run. The signifi- 
cance of this hv'perbiiirubinemia is di.?cussed. 

Quantitative .studies revealed normal erythrocyte fragility after the marathon 
run.?. 

Tran.sient albuminuria wa.« ob.served frequently after the 2,0- to y.l-mile run-; and 
in everv' instance after the marathon run. Transient urinarj- excretion of formed 
elements occurred frequently after the shorter runs and in almost ever} instance 
after the marathon runs. 

Hemoglobinemia sometimes accompanied by hemoglobinuria occurs in man ?rith 
sufficient frequency after strenuous runs to be considered physiologic under the;:C 
conditions. This intravascular heraolysis after .strenuous runs is comparable in it. 
apparently benign nature to the albuminurixi of exercise. The importance o 
differentiating this condition from pathologic states leading to the pas.'-age of red 
urine is obvious. 


AtTHOS-S- 
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, SELECTED ABSTRACTS 

Wintrolje, M. M., Alcayaga, E., Humphreys, S., and Follis, E. H., Jr.: Electro- 
cardiographic Changes Associated With Thiamine Deficiency in Pigs. Bull. 
Johns Hopkins Hasp. 72: 169, 1943. 

Thiamine deficiency is associated with pronounced electrocardiographic changes 
in the pig. These include bradycardia and prolonged P-E interval as well as second 
degree auriculoventricular block, abnormalities in the P waves, inversion of Tj, nodal 
and ventricular premature beats, auriculoventricular dissociation, complete block 
with ectopic ventricular rhythm, and auricular fibrillation. 

Inanition alone may cause bradycardia but thiamine deficiency appeared to cause 
a greater degree of sloudng than could be accounted for by inanition. It is con- 
cluded that, in the thiamine-deficient pig, bradycardia is attributable to the vitamin 
deficiencj’’ rather than, or in addition to, inanition. Evidence is presented which 
indicates that the bradycardia as well as certain other signs are the result of vagal 
overaction. 

The electrocardiographic changes are probabl}* the expression of the disturbance 
in metabolism which is caused by lack of thiamine. 

Authors. 

Dressier, W.: A Case of Myocardial Infarction Masked by Bundle Branch Block 
but Eevealed by Occasional Premature Ventricular Beats. Am. J. hi. Sc. 206; 
361, 1943. 

A case is reported in which myocardial infarction was associated with left bundle 
branch bloolc. Significant electrocardiographic changes suggestive of myocardial in- 
farction were absent in the regular beats but were displayed by premature beats 
of ventricular origin. 

Author. 

Lascano, E. F.: The Normal Blood Supply of the Node of Tawara, The Bundle 
of His and Its Branches. Eev. argent, de cardiol. 10: 23, 1943. 

By means of injecting the coronaries with a colored gelatin mixture the following 
has been shown in the human heart: 

Tlie first posterior perforating or ramus septi fibrosi of Hass, is the main artery 
to both- the bundle of His and Tawara 's node; it anastomoses with others, including 
quite frequently the one which supplies the sinoauricular node. 

In so far as the blood supply to the right branch of the bundle is concerned, this 
can be divided into three parts. The first is supplied by an anastomotic plexus 
derived from terminal branches of ramus septi fibrosi, the second posterior perforat- 
ing (ramus septi ventrieulorum superior of Hass), ramus eristae supraventricularis 
(which runs in the portion of the cardiac muscle so named), and the first anterior 
perforating arteries. The second part is supplied by the artery to the ansiform band 
or Gross ’ ramus limbi dextri, a series of arterioles arising from the plexus supplying 
the first portion, collaterals of other anterior perforating, and collaterals of posterior 
perforating arteries. All these vessels anastomose witb one another. The third part 
is supplied by nutrient arteries of the nonspecific myocardium furtlier on than the 
anterior papillary muscle, which also freely anastomose with one another. 

Similarly, the left branch of the bundle of His may be divided, in so far as its 
blood supply is concerned, into three parts. The first portion is supplied by a plexus 
of anastomoses formed by the follon-ing: terminal branches of tlie ramus septi 
fibrosi, terminal branches of ramus septi ventrieulorum superior, terminal branches 
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of ramus cristae supravciitricularis, terminal branches of special anterior jjerforal- 
ing which was manifest in 50 per cent of the specimens and whicli tlie autliors pro- 
pose denominating ramus limbi sinistri, the remaining 50 per cent being supplied by 
multiple small arterioles. The second part, spreading over the middle and lower 
parts of the inten'entricular septum, is supplied by other anterior and posterior per- 
forating arteries which anastomose with one another profusely. The third part is 
supplied by arteries of the nonspecific exfraseptal myocardium which also freelj' 
anastomo.se with one another. 

By means of improvements in the cla.s.sic techniques of investigating coronary 
circulation and jjerforming various experiment.s, it was pos.siblo to demonstrate 
definitely and clearly that not only do the arteries intrusted w'th the blood supply 
to the node (Tawara's), bundle of IIi.“, and its branche.«, ana.stomo.“e with one an- 
other, but that these same ve.‘-’.=els do so with the nutrient arteries of the nonspeeific 
myocardium. The.se arteries should be con.‘-'idered as merely main arteries and not 
terminal vessels to the above-named node, bundle, and its branche.s. The anastorno.'-es 
have a diameter of roughly 50 microns, and, from the abundant number of vessels 
involved, it can be deduced that these anastomoses play an important function. 

Both the main arteries and the anastomo.ses concerned in the supply to Tawara’s 
node, the bundle of His, and its branchc.«, run in the same direction as the wave of 
excitability. 

Aunrop.. 

Jaleski, T, C., and Morrison, E, T.; Congenital Heart Block: A Study of Two 

Cases in Healthy Adults, Am. -T, M. Sc. 206: 440, 194.^. 

Two cJises of congenital heart block aj-e reported. The first case, which has been 
studied for four years, is a healthy adult who has no cardiac symptoms and no 
other apparent anomalies. I'he second ca.se, which has been followed from birth, 
has had no cardiac symptoms except for some syncopal attacks. This ease is of 
XJarticular interest in that the patient has had two normal pregnancies without any 
serious cardiac di.sturbance. 

Ai;Tnop.s. 


Luisada, A. A.., and Mautner, H.: Experimental Studies on Punctional Murmurs 

and Extra Sounds of the Heart, Exp. Med, &- Surg. 1: 282, 194.8. 

Exjierimental .studies have been m.ade on heart .sounds and murmurs of animal.s 
with simultaneous registration of the electrocardiogram and the jihonocardiogram. 
Ilifferent drug.s have been injected, the vagus nerve .stimulated, and other procedure.'- 
.•il .“0 tried in order to produce extra .sounds and rnurmur.s. 

Analysis of the records has shown the following results: .V .‘•y.stolic murmur is 
often pre.sent in marked tachycjmlia, independently from pressure conditions. Pro- 
longation of the heart sounds because of bundle branch block may simulate mur- 
murs. Extra sound.s, causing the afrpearanee of gallop rhythm, occur in certain 
experimental conditions where vagu.s .stimulation i.s acconijranied by increased con- 
tnictility of the myocardium. iJuring heart block two loud sounds may follow a 
blocked auricular contraction. A prolonged auricular .«ound and als'o a prolonged 
third sound may be ob.sen-ed in .some experimental condition.*'. Sometimes they may 
attain .such length as' to become reiil functional rumbles, Po.'sible explanations arc 
discussed. UiJexjjlained ex<nt sounds were obser^'ed execptioriaJJy, and are discu.sscd 
in the te:-;t. 


AL'THOES. 
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Eich, A. E,, and Gregory, J, E.: Experimental Evidence That Lesions With the 

Basic Characteristics of Ehemnatic Carditis Can Eesult Prom Anaphylactic 

H 3 rpersensitivity. Bull. .Johns Hopkins Hosp. 73: 239, 3943. 

Babbits subjected to experimental serum sickness develop, in some cases, cardiac 
lesions that, in their basic characteristics, resemble closely those of rheumatic carditis. 
These lesions are illustrated, and circumstances compatible with the view tliat the 
lesions of rheumatic fever may be the results of focal reactions of tlic anaphylactic 
type arc discussed. 

Authors. 

Banerjea, J. C.: Subcutaneous Nodules in Eheumatism. Indian J. Pediat. 10: 

41, 1943. 

> 

The Indian literature on the incidence of rheumatic infection, rheumatic heart 
disease, and rheumatic nodules has been reviewed. A clinical study on rheumatic 
nodules based on 381 cases of juvenile rheumatism has been presented. 

The incidence of rheumatic nodules is 8.2 per cent. From a comparison of the 
corresponding figures of different workers in different countries, it apipears that 
acute rheumatism in Bengal, if not in India, follows closely that in the temperate 
zones, namely, Europe, and the United States. Its essential clinical features, in- 
cluding the occurrence of .subcutaneous rheumatic nodules, are also similar. 

Author. 

Dressier, 3VE., and Silverman, IVl.: Cardiovascular Syphilis: An Approach to Early 
■ Clinical Eecognition and Early Treatment. Ann. Int, kled. 19: 224, 1943. 

Of 3,270 cases of proved syphilis studied, 24 per cent were diagnosed clinically 
as uncomplicated aortitis, and 30.7 per cent as cardiovascular syphilis as a whole. 
Of the latter group, 78 per cent were cases of uncomplicated aortitis. The propor- 
tion of males to females .was approximately two to one, and that of the white to 
the Negro race approximately the same. 

The criteria for the physical diagnosis of uncomplicated aortitis are presented 
and discussed, and are found of value in patients 40 years of age or younger. It is 
more common in the Negro than in the white race in this age group. The high per- 
centage (47.4 per cent) of lij-pertension among the cases of cardiovascular syphilis 
studied is not purely coincidental. No valid reason is advanced for its presence. 
Uncomplicated aortitis is more common among congenital syphilitics than has been 
reported heretofore. 

Of 128 patients with cardiovascular 537)10115 who remembered the chancre, un- 
complicated aortitis had been diagnosed in thirty-eight cases within ten j'ears after 
the primary infection. Uncomplicated aortitis is a s.vmptomless disease. Hints on 
physical diagnosis are discussed. Neurosysphilis was present in 2G.G per cent of the 
cases of cardiovascular syphilis. Pluoroscopj' and roentgenograplu’ are of value in 
corroborating the clinical diagnosis. Uncomplicated aortitis can be diagnosed clin- 
ically in a normal-sized aorta. 

Authors. 

Golden, A., Dexter, L., and Weiss, S.: Vascular Disease Following Toxemia of 

Pregnancy (Preeclampsia and Eclampsia) ; Observations on Its Clinical Course. 

Arch. Int. kled. 72: 301, 1943. 

The rather common occurrence of permanent vascular disease following toxemia of 
pregnancy (pre-eclampsia and to a less extent eclampsia) is described, and the 
clinical covirse of this hj^jertension is studied. 
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The clinical analogy behvcen toxemia of pregnancy and acute glomenilonephritis 
as regards the acute phases and the late effects on the vascular system is pointed out. 

The duration, more than the severity, of the toxemia during pregnancy determines 
the development of permanent post-partum vascular disease. 

A latent period of at least several month.s may intervene between toxemia of preg- 
nancy and the development of recognizable permanent hypertension or albuminuria. 

After toxemia of pregnane}', hypertension may per.sist for at least a year and then 
disappear. 

The post-partum course may be predominantly' hypertensive or albuminuric, ap- 
parently dependent on a similar predominance in j>rcgnaney. 

The course is prone to be rapidly' progrc.ssivc in comparison with that of the 
other types of hypertension. 

Death usually' occurs as a result of uremia, cardiac failure, or cerebral hemorrhage, 
as in other ty'pe.s of hy'pertension. Retinal changes occur, such as va.scular sclerosis, 
hemorrhages, and exudates, but no instances of true albuminuric retinitis have Ijeen 
observed. 

Nephrosclerosis is the chanicteristic post-mortem finding. The pathologic con- 
dition in the kidneys in other respects is vari'able, however, and at times may duplicate 
that of chronic glomerulonephritis. This is not .surprising, as both discase.s start 
with a diffuse glomerular lesion, and the hy'pertensive vascular disorders following 
the two diseases may' run almost identical clinical course.?. 

The importance of rc*cognizing this group of patients with posttoxemic hyperten- 
sion lies in its prevention. The late vascular effeel.? of toxemia may' be prevented hy 
interrupting pregnancy' before hypertension and albuminuria of toxemia have lasted 
for more than three weeks. Tliis applies as much to mild as to severe toxemia. 


Llkoff, W, B., and Levine, S. A.; Thyrotoxicosis as the Sole Cause of Heart 
Failure. Am. J. Iff. Sc, 206: 425, 1943. 


A study' was made of 40.9 case.s of thyrotoxicosis operated upon at the Peter Bent 
Brigham Hospital, from 192.3 to 1941, inclusive. There were .331 (81 per cent) 
" noncard iaes” and 78 (19 per cent) “cardiacs,” .Among the latter there were 
45 with hypertensive disea.se, 20 with rheurajitic heart di.‘-ea,“e, 12 wifli coronary 
artery disea.'-e, and one with .‘■ypliilitie aortic insufficiency. 

Tiiere were 39 eases of licart failure among the 78 “cardiacs” (-’0 per cent), 
and 21 instances of definite congestive Failure among the 331 “noncardiacs” (0.3 per 
cent). It is apparent, therefore, that thyroto.xicosirf not infrequently i.« the sole cause 
of congestive heart failure. 


It was found that congestive failure was more likely to occur in the female .sex, 
with increasing age, when the thyrotoxic .state lasted longer and when auricular 
fibrillation was pre.sent. No satisfactory- explanation was found for the heart fail- 
ure e.specially in tlie “noncardiac” group. It is suggested that vitamin B deficiency 
may play a contributory- part. 

The similarity- between symptoms and physical findings in mitral .‘-■teno.'-'i." and 
thyrotoxicosis may- lead to errors in diagno.'-is, for even left auricular dilatation on 
roentgen ray examination is found in the latter condition. 

In 99 cases with cardiac involvement there was no surgical mortality. All but 
seven of these had a one-stage subtotal thyroidectomy. The .surgical mortality <d ->19 
cases without heart di.=easc, however, wa.s 2.G per cent. It is believed, therefore, tli.'it 
the so-called .‘^evere thyrocardiaes require a multiple stage operation, and it is fell 
that they' cau.se less concern than the younger exophthalmic goiter ca.ses, when surgical 
treatment is planned. 

It is evident that “masked tliyrotoxic-o.-is ” is ls;ing overlooked as a cau.'-o of 
heart failure, an error which is very co.-tly because the condition is curable. 


Atrnrop-';. 
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Taylor, E, D., Corcoran, A. C., Shrader, J. C., Young, W. C., and Page, I. H.: 

Effects of Large Doses of a Vitamin A Concentrate in Normal and Hypertensive 

Patients. Am. J. M. Sc. 206: 659, 1943. 

Vitamin A concentrate is ineltectire in the treatment of essential hypertension in 
daily doses of 100,000 to 400,000 units for live to ninety days. 

The vitamin concentrate causes renal vasodilatation and increased functional 
capacity for secretion of diodrast with increased cardiac output. The suggestion is 
made that it may have application in the treatment of degenerative renal diseases. 

Authors. 


Howland, E. S., and Sprofktn, B. E.: Saccular Aneurysm of the Abdominal Aorta: 
Eeport of a Case With Terminal Anuria and Rupture into the Duodenum. Am. 
J. M. Sc. 206: 363, 1943. 

The recent literature relating to saccular aneurysm of the abdominal aorta (520 
cases) has been reviewed with especial reference to cases with rupture into the in- 
testinal tract (fifteen cases) and those associated with .symptoms suggesting urologic 
disease. 

A case, apparently of arteriosclerotic origin, is presented in which there was both 
anuria of three days' duration, and rupture of the aneurysm into the duodenum as 
a terminal event. 

Author. 

Laipply, T. C.: Syphilitic Anemrysm of Celiac Artery. Am. .1. Sc. 206: 453, 
1943. 

Review of the literature shows that aneurysm of the celiac artery is rare. The 
case reported is one of saccular syphilitic aneurysm of the celiac artery complicated 
by bleeding into the intestinal canal by way of the pancreatic duct. The signs and 
symptoms simulated acute cholecystitis. 

Author. 

McCall, M., and Pennock, J. W.: Disseminated Necrotizing Vascularities — The 
Toxic Origin of Periarteritis Nodosa. Am. J. 1^1. Sc. 206: 632, 1943. 

Widespread necrotizing arteritis is herewith described in a series of .autopsies. 
There was no history of sulfonamide sensitimty or serum sickness in these patients. 
Sulfonamide therapy was used in the terminal illness. The vascular lesions were 
widespread, and are considered to be a specific reaction of blood vessels previously 
sensitized by some nonspecific toxin. 

Authors. 

Van Dellen, T. E., de Takats, .G., and Scupham, G. W.: Vascular Diseases, Ninth 
Annual Review. Arch. Int. Med. 72: 518, 1943. 

The present review compiled under wartime conditions does not show a noticeable 
decline in original material during the past year. Dicourmarin has been given 
considerable attention, and many of the articles on heparin have been omitted, pend- 
ing decision as to their value when this drug is finally compared with tlie former 
compound. The review includes a critical, comprehensive sumraarj- of the literature 
on vascular surgeiy'. This has been focused naturally this year on war injuries and 
their treatment. A notable feature is a review of the results obtained from ligation 
of the patent ductus arteriosus in the presence of subacute bacterial endocarditis. 

McCulloch. 



280 


AMERICAls* HEART JOURNAI. 


Gregg, D. E., Pritchard, W. H., Shipley, E. E., and Weam, J, T,: Augmentation of 
Blood Flow in the Coronary Arteries With Elevation of Eight Ventricular 
Pressure, Am. .7. Physiol. 139: 726, 1943. 

The eiicct of pulmonarj' sirtery constriction ujion coronary inflow has Isrtn 
studied in the anesthetized open cliest dog. Progressive elev.ation of right ventricular 
pressure bj- this means (to 80 mm, Hg systolic) is accornp.'inied by a progressive and 
considerable augmentation in right coronary inflow f?5 1o 200 per cent) .and a 
smaller but definite increase in left coronary inflow (19 to 2.0 per cent) when aortic 
perfusing pre.s.sure remain.s, or is kei)t, at the control value. Bight coronary inflow 
may also increase in spite of a moderate, uncompensated reduction in coronary per- 
fusing pre.ssure (aortic pre.s.sure). 

The.se finding.s, obtained in the anestbetized, open che.-t dog, are diametricfdly 
opposed to tho.«e reported by other investigator." using different methods and 
preparation.s. 

AT;'ntori.s. 


Henderson, Y.: Tonus and the Venopressor Mechanism: The Clinical Physiology 
of a Major Mode of Death. Jfedicine 22: 223, 1943. 

The author's studies on how men die, made during the past forty year?, arc .sum- 
marized. Among the vasomotor and venopressor reftetions and adju.stments or mal- 
adjustments of the circulation, by far the most imporlant is the primarj' failure in 
the spinal motor centers. It occurs gradually as the dying patient grows weaker. 
The mu-seles lose their tonus and intrati.ssue pre.«sure. The booster pumps in the 
bundles of muscle fibers beat more and more feebly, I>.'hs and les.? blood i.« supplied 
to the right heart and corrc.spondingly le."s is available to be pumped into the ar- 
teries by the left heart. As the arterial stream dimini.she.s, the vasomotor mechanism 
makes a compensatorv' effort to maintain sufficient arterial pre.s.sure to .supply bloo-l 
to the brain. And when furtlier compensation is no longer po.-sible, the final and 
fatal fall of arterial pressure and stand."fill of the circulation occur. 

Acthoe, 

Winkler, A. W., and Hoff, H. E.: Potassium and the Cause of Death in Traumatic 
Shock. Am. J. Phj-sioJ. 139: GS6, 194,3. 

Concentration of potassium in .serum consistently increases when .secondary .shock 
is induced by re-establishment of circulation in an Ischemic limb. 

Death usually occurs with rc.spiratorv failure prior to or simuItj<ncoo." -.•/ith cfirdiac 
arre.st, and is usualh- not due to potas.siuni poisoning. Concentrations of pofa.".sium 
in serum, while both re.spiration and heart are active in the shocked animal, ."eldom 
exceed 8 mil per liter. The.se levels are too low to cause any circulatory emliarniss- 
rnent; minor electrocardiograpJiic changes only are noted. 

Exceptionally, death may be due to cardiac arret;t from spontaneous aotointoxi':a- 
tion with potassium. Long persistence of the .’•hocked state %vith failure of renal 
excretion favors this event. It is ciraracterized by the attainment of concentrations 
of potassium in .serum exceeding 10 m5I per liter while Imth heart and respiration 
are active, and ly cardiac arre.st while the re.sjdration.s are still normally active. 

After re.spiratory arre.st, there may be a rapid agonal elevation of the scrum 
potas.eium. .Such increases are the re.mlt and not the can.se of the terminal event. 

.AmrHO.cs. 
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Lange, K., and Boyd, L. L: Objective Methods to Determine the Speed of Blood 
now and Their Eesnlts (Pluorescein and Acetylene). Am. J. M. Sc. 206; 438, 
1943. 

The appearance of fluorescein in the lips under a special long-wave ultraviolet 
light can be used to determine the circulation time, but certain conditions must be 
observed in order to obtain reliable results. 

In 212 normal adults, the values for tlie fluorescein circulation time ranged be- 
tween 15 and 20 seconds, and the majority between 35 to 17.5 seconds. 

The average of the circulation time is longer in older patients. 

Work accelerates the circulation time considerably and may make it two and a 
half times faster than normal. 

Fever shortens circulation time (six cases). 

The fluorescein method can be used to determine the velocity to different points 
of the body. The average time to conjuncti\'a, lips, rectum, and foot, is 10, 15, 18, 
and 23 seconds, respectively. The conjunctiva is not an appropriate place to test the 
circulation time. 

In congestive right heart failure, 92 per cent of the cases (123 patients) show 
a prolonged circulation time, while compensated cases of heai't disease have normal 
circulation times. 

Pure bronchial asthma, having a normal or slightly shortened circulation time, 
can be differentiated by the fluorescein eii'culation time from cardiac asthma, which 
lias a prolonged circulation time. 

Hj-pertliyroidism is associated with shortened circulation time values, which seems 
to provide an earlier indication of the clinical situation than the basal metabolic 
rate. 

Patients with hj’pothyroidism have prolonged circulation times. 

Anemia considerably shortens the circulation time when the red blood cell count 
goes below 3,500,000, 

Inhalations of acetjdene can be used to determine the time which elapses until 
all blood in rapid circulation has passed the lungs at least once (‘‘slowest circula- 
tion time”), (a) T%venty-four normals had slowest circulation times of 2^^ to 3% 
minutes, (b) Ten cases of thyrotoxicosis showed slowest circulation times of 1^4 to 
2 minutes, and patients in cardiac failure had slowest circulation times of up to 
six minutes, (e) Work shortens the slowest circulation time as much as two and 
a half times the normal, (d) The comparative values found tvith the fluore.scein 
method for the fastest, and the acetylene metlmd for the slowest, circulation time 
show the same relation. 

Authors. 

Zimmerman, S. L.: Carotid Sinus Syndrome: A Report of Three Additional Oases 
Prom the Cardiological Service, D. S. V. A. Facility, Columbia, South Carolina. 
J. Lab. & Clin. Aled. 28: 1548, 3943. 

Three cases of carotid sinus syndrome, two of the vagal type and one of the de- 
pressor tj-pe, are reported. In all, medical treatment afforded some relief. One of 
the patients with the depressor type had an associated low basal metabolic rate. His 
response to medication was not reliable, possibly in view of his failure to diligently 
take the ephedrine. The results with the vagal t^yie cases have been more encourag- 
ing. 

In all thiee of these reported caess, tlie presence of the sjmdrome was easily 
established. In two, the history revealed the precipitating factor to be an abnormal 
or suddn movement of tlie head or neck. In the third, the patient learned tJmt he 
could avoid such an attack by holding hi.s head still, between his hands. 
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The syndrome should be borne in mind in all cases of unexplained syncope, es- 
pecially if associated with abnormal movements of the head and neck. 

AUTlIOIt. 

Battro, A., and Labourt, P. E.: Considerations on the Determination of Maximal 

Ventilation and Pulmonary Eeserve and Hyperpnea of Cardiac Patients. Kcv. 

argent, de cardiol. 10: 83, 1943. 

On the basis of observations made in ten normal persons and nineteen pathologic 
cases, most of whom had congestive cardiac failure, it is concluded that the values 
of maximal ventilation and pulmonarj' re.serve deduced from the value of the vital 
•capacity, actual or calculated, do not conform with those obtained from direct meas- 
urement. 

The relation of those measurements to the hyperpnea of cardiac patients was stud- 
ied. 

In those cases in which the pulmonary reserve (msiximal ventilation minus minute 
respiratory volume) was less than 70 per cent of the maximal ventilation, dyspnea 
and pulmonary congestion were present. 

In one case of congenital heart disea.se with cyanosis and dy.spnea, the pulmonary 
reserve was 82 per cent. In tlii.« and similar cases, dyspnea is probably related to 
blood chemical changes due to the arteriovenous shunt. 

Pulmonary re.sorvo diminished in the recumbent posture with the head in a low 
position and dyspnea increased without great modification of vital capficity. The 
diminished pulmonary re.serve was due to diminution of maximal ventilation and in- 
crease of re.spiratory minute volume. 

AuTiions. 

Gregg, D, E„ Shipley, E. E., and Bidder, T. G.; The Anterior Cardiac Veins. 

Their Punctional Importance in the Venous Drainage of the Eight Heart. Am. 

.1. Physiol. 139: 732, 3943. 

The number and anatomic distribution of the major anterior cardiac vein.** ol the 
dog’s heart have been studied from roentgenograms of ,«pecimens injected immedi- 
ately post mortem. Inspection alone reveals that the greater portion of the subepi- 
cardial surface of the right ventricle is traversed by many small branches which 
merge to form, in different hearts, from two to five major anterior cardiac veins. 
Each major vein empties separately and directly into the right atrium, about 4 to 
8 mm. superior to the border of the trieu.spid valve. Other smaller vein.s are invari- 
ably present. 

The functional importance of the anterior cardiac vein.?, virtually ignored by 
previous investigators, is demonstrated. In sixteen anesthetized open chest dogs with 
different body weights and blood pressures, the flow from all the major anterior 
cardiac veins cannulated ranged from 8.5 to 2G.5 c.c. per minute. The flow could 
be increased greatly by various procedures. It was established that flow from the 
anterior cardiac veins is almost, if not entirely, derived from the coronary' arterie.-?, 
and its magnitude generally approaches and not infrequently exceeds the simul- 
taneously measured right coronary inflow. 

The major portion (50 to 92 per cent) of right coronary inflow was found to 
drain via the anterior cardiac veins into the right atrium. This finding makes com- 
pletely untenable the conventionally accepted belief that nearly all of the right 
coronary inflow dr.ains by way of the Thebesian vessels into the right ventricle. 

To prevent confusion in terminology for the cardiac veins considered hero, if i? 
.suggested that the officially' accepted name "anterior cardiac v'cins" (BE of BNA) 
be used when indicated, and the conventional u.«e of the mi.eleading term ' ‘acecs.'-ory 
veins,” as applied to an aggregate of several un.specified vo.“.“ol.s, be avoided. 

Avrnors. 
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Baila, M, E., and Gofii Moreno, I.: Ligation of the Ductus Arteriosus. Eev. 

argent, de cardiol. 10: 107, 1943. 

A case is reported of persistent ductus arteriosus treated surgically by ligation. 
The clinical course of eight other nonoperated cases is described and tlie indications 
of the surgical treatment are discu.ssed. The authoi's consider that ligation of the 
persistent ductus should be made only in those ca.scs in which the congenital defect 
eau.«es marked physical disability. 

Authors. 

Crismon, J. M., Crismon, C. S., Cababresi, M., and Darrow, D. C.: Electrolyte 

Eedistribution in Cat Heart and Skeletal Muscle in Potassium Poisoning. Am. 

.T. Physiol. 139: 667, 1943. 

Heart, skeletal muscle, and serum electrolytes and water analyses were made on 
twenty-three cats in which the electrocardiograph was used to detect potassium 
poisoning. 

Potassium poisoning, as judged from the disappearance of P waves from the 
eleetroeardiogi’am, occurred when the serum potassium reached 11.0 meq. per liter, 
but was detected in some cases at lower scrum concentrations if the rate of rise of 
potassium was faster than 0.33 meq. per liter per minute. 

No quantitative relationship could be demonstrated between the amount of potas- 
sium found in the heart and the appearance of potassium poisoning, although both 
the heart and skeletal muscle were found to take up potassium readily if the plasma 
concentration is elevated. 

The uptake of potassium by the heart is associated with the loss of sodium and 
the appearance of considerable quantities of chloride in the intracellular phase. 

The above observations are discussed in relation to their significance in potassium 
poisoning. 

‘ Authors. 

Hiatt, E. P.: The Action of Adrenaline, Acetylcholine and Potassium in Eelation 

to the Innervation of the Isolated Auricle of the Spiny Dogfish (Squalus Acan- 

thias). Am. J. Physiol. 139: 45, 1943, 

The isolated sinus-auricle preparation of the elasmobranch (Squalus acantlms) 
which is apparently without sympathetic innervation, shows marked reactions to 
adrenalin. 

The previously reported observation that adrenalin in high concentration causes 
a transient inhibition has been confirmed, but this effect is not blocked by atro- 
pine, so it is concluded that the action is not upon the vagus endings as has been 
suggested, but that it is direct!}' upon the myocardial cells. 

Adrenalin in low, more nearly physiologic concentrations causes augmentation 
of the contractions ivithout a change in rale. This effect also persists after 
atropine. 

The dogfish auricle is much more resistant to the action of acetylcholine in the 
absence of an inhibitor of choline esterase than the auricles of frog and turtle 
hearts, but after treatment with prostigmine the dogfish auricle reacts in the same 
manner and n ith approximately the same sensitivity as other vertebrate auricles 
to acetylcholine. 

The inhibitory actions of acetylcholine and the depression of auricular beat due 
to potassium excess are markedly antagonized by small concentrations of adrenalin. 

A possible teleologic value of the sensitivity of the myocardial cells to adren- 
alin IS suggested. 


Authors. 
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Levinson, J, P., and Essex, H, E,: Observations on the Effect of Certain Drags on 
the Small Blood Vessels of the Babbit Ear Before and After Denervation. 

Am. J. Physiol. 139: 42.3, 1943. 

A study of the reactions of the minute blood ves.scls seen in tlic tTansjmrent 
chambers inserted in the ears of albino rabbit.s has been presented. The response 
of the.se blood vessels to epinejdirine, ephedrine, pitre.s.sin, and ergoloxine has 
been recorded for innervated and dcneivated carK, Ob.servations were also made 
on the effect of stimulation of the auricular and cervical .sympathetic nerv'es m 
these blood ve.ssels. Each animal was gro.^.sly examined at necropsy for evidence 
of regeneration of nerves. 

The following conclusions were drawn; 

The tissue grown into a transparent cJiamber inserted in the rabbit’s ear is 
entirely suitable for physiologic studies. 

The response to epinephrine v.'as a consistent constriction of the arterioles 
accompanied by slight narrov, '.ng of the venvles. 

Ephedrine, in general, produced the same respion.se as epinephrine. There was 
evidence of refractoriness to repeated doses of ephedrine. 

Pitressin in the do.se used fO.l pre.ssor unit per kilogram of body weight) had 
the most pronounced vasoconstrictor action. There was. as v.'ith ephedrine, re- 
fractorine.ss to repeated doses of x>itressin. 

Ergotoxine blocked the vasoconstrictor action of epinephrine. 

Stimulation of the cervical sympathetic chain produced a constriction of th" 
arterioles in the windov.' more consistently than did stimulation of the dorsal or 
great auricular nerves. 

The denervated vessels In the chamber beemrne hypersensitive to epinephrine 
and regained their "tone” after denervation. Suggestions have been made as 
to the mechanism involved. 

The blocking action of ergotoxine and the phenomenon of tachyphylaxis are 
apparently somewhat altered by denervation, 

A \:rmvs. 

Chen, EL BL, and Steldt, F, A.; Cerberin and Cerberoside, tbe Cardiac Prindple.s 

of Cerbera OdaUam. .7. Pharrriaeol. k Exper. Therap. 76: 107, 1942. 

Cerberin can be isolated from both the oil and the defatted kernels of Cerh/fc 
o/l/iUam nuts. 

From a second hatch of nuts, a irlvcoside similar to but not identical with 
cerberin has been isolated, to which tlie name of f^erberoside has been propo-e'l. 

Both cerberin and cerberoside have a digitalis-like action. Cerberin is much 
more potent on the heart than cerberoside. 

AgrifoKS. 

Sokolow, M., and Chamberlain, F. L.: Clinical Evaluation of Cedilanid. Ann. 

Int. Med. 18: 204, 1943, 

Lanatoside G feediJanid) is a j»ure, stable, crystalline glycoside derived from 
Digitalis lanaia. It is a potent therapeutic agent in congestive cardiac failure 
with normal rh}'thm, in auricular fibrillation, and in auricular flutter. Jri auricu- 
lar flbrillation, infravenou.s cedilanid produce.^ an abrupt fall in the ventricular 
rate, frequently within ten minute.-. 

The average oral digitalizing dose of cedilanid is 7,-0 mg, in three days, fhe 
average intravenous digitalizing dose is S c.c. (1.6 mg.) in twenty-four ii 0 ur.“- 
riie average maintenance dose of oral cedilanid is 1,6 mg. 

Oral cedilanid apparently is absorbed three times as readily as oral Di'jitalb 
purpurea. This is based on the fact that the digitalizing dose of cedilanid i.s o-uly 
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4.7 limes its maintenance dose Tvliereas the digitalizing dose of Digitalis jnirintrca 
is 11.3 times its maintenance dose. 

striking dift'erence in clinical effects was noted between oral cedilanid and 
oral Digitalis 

The most important therapeutic advantage of eedilanid is obtained from the 
intravenous preparation, primarily' because of its rapid action. Approximatel> 

2.8 times as much drug is required for oral as for Intravenous twenty-four-hour 
digitalization. 

Authors, 

Klein, C,, Saland, G,, and Zurrow, H.: Pancreatic Tissue Extract (InsuUn-Pree) 

in the Treatment of Peripheral Vascular Disease. Ann. Int. Med. 18: 214, 1943. 

Pancreatic tissue extract, insulin-free, produced a drop in the muscle tempera- 
ture of the lower extremity, with no significant effect on the skin temperature, 
when injected intramuscularly. 

Pancreatic tissue extract, insulin-free, had no effect on clauditication time, as 
measured bi' ergometer, within one-half hour of intramuscular injection. 

Pancreatic tissue extract, insulin-free, injected intramuscularly in .3 c.c, doses 
twice a week for relatively long periods of time, from six to eighteen month.s, 
produced improvement in claudication time and rest pain. 

Pancreatic tissue extract, insulin-free, injected intramuscularly in 3 c.c. doses 
twice a week for relatively long periods of time, from six to eightpen months, had 
no effect on vascular anatomic or tissue anatomic status, on vascular reserve, or 
on functional classification. 

Patients receiving no specific treatment but following instructions concerning 
hygienic care of the feet, showed a definite degree of improvement in vascular 
reserve, as measured bj’ thermal test or nerve block. 

Authors. 

Plentl, A. A., Page, I. H., and Davis, W. W.; The Nature of Eenin Activator. 

J. Biol. Chem. 147: 143, 3943. 

An electroidioretic analysis of hog serum has been made which .showed the 
presence of five distinct proteins. a-Globulin was found to exhibit the phenome- 
non of a double peak. The serum was fractionated by precipitation with am- 
monium sulfate, which yielded some of the globulins in reasonably pure form. 
a- and y-globulin.s were found to precipitate within the concentration limits re- 
ported for horse serum, but the limits for albumin' were found to be much higher. 
^-Globulin could not be obtained in pure state. Pseudoglobulin fraction.? were 
incubated with various amounts of renin and only the ayglobulin component found 
to act as .substrate for the production of angiotoniu. Euglobulins were entirely 
inactive. The relative efficiency of serum, activator, and a-globulin as substrate 
was compared and the amount of angiotoniii formed was found to be proportional 
to the concentration of a.-globulin. The substance referred to us renin activator 
is therefore identical to, or move.? with the .same electrophoretic mobility as 
ayglobulin. 

An appreciable quantity of angiotonase has been demonstrated in the albumin 
fraction, while none could be found in the globulins. 

Authors. 

Raab, W.: Epinephrine and Related Substances in Human Arterial Walls and 

Kidneys: Their Role in Arteriosclerosis. Arch. Path, 35; 836, 1943. 

Epinephrine a,nd epinephrine-like substances (adrenal catechols) were deter- 
mined colorimetrically in human aortas, renal arteries, and kidneys. 
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Infantile tif:.«uen contained the lowe&t total amounts of cliromogenic material. 
It consisted almost entirely of epinephrine proper or s.ympathin. 

With advancing age, increasing amounts of other, epinephrine-lihe substances, 
similar to those produced by the adrenal medulla, n-ere found to accumulate in 
vascular walls and kidneys. 

Abnormally large concentrations were ob.served in the vessels and the kidnej-.s 
of persons with adrenal tumors. 

Sclerotic aortas contained high concentrations of chromogenic material other 
than epinephrine proper more frequently than normal aortas. 

In arteriosclerotic kidney.s, on the other hand, pure epinephrine or sympathin 
was more commonly encountered than in morphologically normal kidney.s. In this 
respect arteriosclerotic kidnej's resemble the failing h;j’pcrtrophic and damaged 
human heart. 

In cases of marked albuminuria the renal concentrations of the total chromo- 
genic material or of epinephrine proper were high. 

The role of adrenal hormones and .sympathin as intrinsic damaging agents in 
the origin of arteriosclerosis is discus.sed. 

Author, 

Hueper, W. C,: Experimental Studies in Cardiovascular Pathology, VH. Chronic 

Nicotine Poisoning in Pats and in Dogs. Arch. Path. 35: 840, 104'.’,. 

Pats and dogs given subcutaneous injections of nicotine over eight to ten 
months were found to have dcgenerati\'e lesions in the elastic and muscular ar- 
teries and arterioles. The morphologic t 3 'pe of arterial changes produced reflects 
the nature of the mechanism of action of nicotine fvasoconstrictive ischemic 
noxemia). 

Female rats given injections of nicotine onl^', and male rats given injections 
I'if nicotine and epinephrine, nicotine and dcsox^'corficosteronc acetate, and nico- 
tine and meeholj'l chloride, respecti%'el 3 ', .showed a much higher mortality rate 
than male rats receiving nicotine onl^', particularl.v male rats given injections Oi 
nicotine and kept on a diet containing additions of cystine and ascorbic acid. 

Exogenous and, possibl.v, dietarj' factors ma^' account in part for the differ- 
ences in individual susceptibility- to nicotine in man and in animals. 

The testicular degenerations occurring in an appreciable number of rats treated 
seemed to be the result of vasoconstrictive episodes of anoxemia. 

Author, 


Boyd, L. J., and Scherf, D.: Magnesium Sulfate in Paroxysmal Tachycardia- Am. 

J. M. Sc. 206: 4-3, HM3. 

The effect of intravenous injections of magnesium sulfate in ten cases of par- 
oxysmal tachycardia and one case of flutter was studied. 

The injection of a 10 per cent solution was beneficial in three out of eight 
attacks, while a 20 per cent solution succeeded in eight out of eight attacks. 
Consequently the use of a 20 per cent .solution is advoe.'ited. 

Disturbances of conduction and ventricular extrasystoles appear for a .‘•hort 
time after the injection. The rate of paroxysmal tachycardia frequently dirrtin- 
Lslies before the tachycardia disappears. 

In the doses and with the indications discussed, the intravenous injection of 
magne,sium sulfate may be recommended as a u.seful therap/eutic procedure in 
paroxysmal tachycardias. 


Au-niOE-s, 
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Ranges, H. A., and Bradley, S. E.: Systemic and Renal Circulatory Changes Fol- 
lowing the Administration of Adreniu, Ephedrine, and Paredrinol to Normal 
Man. J. Clin. Investigation 22: 687, 1943. 

A study of systemic and venal circulatoiy changes in thirty-one normal subjects 
during the action of adrenin, ephedrine, and paredrinol, has been reported. Cardiac 
output has been measured by the ballistoeardiograph, arterial pressure with the 
Hamilton manometei-, and right intra-auricular pressure, folloAving catlieterization 
of the right heart, with a saline manometer. Renal plasma flow was determined as 
diodrast clearance, glomerular filtration rate as mannitol or inulin clearance, and 
the filtration fraction as the mannitol/diodrast ratio. 

Adrenin and ephedrine were found to displa}' siniilai- activity. Evidence was ad- 
duced to support the wew that the vasodilator action of these substances dominated 
the hemodjTiamic picture with an increase in cardiac output, associated with in- 
creased intra-auricular pressure, producing the pressor effects. Increased pulse 
pressure, without corresponding increases in stroke volume or cardiac output, in- 
dicated a direct action of these drugs upon the central arteries. 

Paredrinol has proved to be a predominantly vasoconstrictor drug with its pri- 
jnary site of action in the periphery. Peripheral resi.'^tancc and blood pressure rose, 
and cardiac output declined, in the face of increased right auricular pressure. It 
was inferred that paredrinol increased cardiac tone. 

All the substances studied produced identical renal effects. Renal plasma flow 
decreased without significant change in the glomerular filtration rate and the filtra- 
tion fraction increased, indicating effei-ent arteriolar vasoconstriction. 


Authors. 
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THE EFFECT OF CERTAIN SUBSTANCES ON THE INTRA- 
HEPATIC CIRCULATION OF BLOOD IN 
THE INTACT ANIMAL 

Khalil G. Wakim, M.D., Pli.D.^' 

Indianapolis, Int). 

I N A previous study, ^ the distribution and manner of communication 
of arterial and venous blood -within the liver of the intact animal were 
ascertained by means of the quartz-rod transillumination technique. 
With the background gained from that work, it seemed advisable to 
study the effects of various substances, such as glucose, dyes, particulate 
matter, thyroxin, epinephrine, and acetylcholine, on the intrahepatic 
circulation of blood in the intact animal by the same method — especially 
since the literature on the subject revealed a. lack of agreement among 
investigators who had studied by various methods the effects of these 
.substances on the intrahepatic circulation. 

ilETHODS 

For studjdng the effects of various substances on the intrahepatic 
circulation, the quartz-rod transillumination technique was employed. 
The frog (liana pipiens) and the albino rat (Batius norvegic'its) were 
the animals used. The observations on the frog Avere made at room tem- 
perature, but those on the mammal were made at animal body tem- 
perature' by the use of a constant temperature apparatus. The admin- 
istration of the anesthetic agent, the preparation of the animals, and the 
exposure of the liver were performed in the manner described in a 
previous study of the intrahepatic circulation.^ For fear that the 
acetylcholine, epinephrine, or glucose might deteriorate on standing, 
the solutions Avere prepared freshly before administration. 

EPINEPHRINE 

Literature . — Frolilich and Poliak^ stated that neither concentrated 
nor dilute solutions of epinephrine have any constrictor effect on the 

This -work was done at the Institute of Experimental Medicine, Mayo Foundation, 
Rochester,' Minn. The author wishes to thank Dr. Prank C. Mann for his interest and 
■helpful sug-gestions. 

Received for publication May 3. 1943. 

•Indiana University Medical School. Bloomington and Indianapolis, Ind. 
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portal ramification in tlie frog’s liver. Morita-'’ found tliat a 1:200,000 
solution of epinephrine did not have any influence on the caliber of the 
portal capillaries within the liver. Wertheimer^ obtained such a sudden 
and strong effect of epinephrine on the hepatic A'essels that the intra- 
hepatie circulation was permanently brought to a standstill, and this 
could he observed macroscopiealljL Snyder and Martin-'^ stated that 
the type of reaction of the hepatic vessels of the turtle to epinephrine 
depends on the pH of the perfusate. Maloff” attributed the constriction 
of the capillaries of the isolated liver of the frog to the epinephrine pres- 
ent in the perfusate. Snyder'*’® attributed the increased hepatic out- 
flow under the influence of epinephrine to the dilator action of the ding 
on the hepatic veins, or more probably to the fact that fluid was being 
suddenly added to the hepatic venous outflow as a result of the giving up 
of water by the parenchymatous cells of the liver. Schmid” showed that 
epinephrine produces the greatest decrease of the portal blood flow at the 
moment when it causes the highest rise of portal pressure. He explained 
the effect as being due mainly to the action of epinephrine on the vessels 
of the liver. Burton-Opitz’-' showed that epinephrine produces con- 
striction of the ramifleations of the hepatic artery and of the portal 
vein within the liver. JIaeleod and Pearce” studied the effect of 
epinephrine on the outflow of blood from the liver and attributed the 
decrease of outflow to the const rietor eff’eet of the drug on the portal 
ramifications within the liver. 

Edmunds’® obtained an increase of hepatic volume by administering 
epinephrine intravenously after ligation of the hepatic arteiy. He at- 
tributed the increase of hepatic volume to the damming back of blood 
in the inferior vena cava. Mautner and Pick’® found that the effect of 
epinephrine, either on the intact animal or on the isolated liver, is to 
produce marked constriction of the hepatic capillaries. Bainbridge 
and Trevan’’ observed a rise of portal pressure and an inci'case of 
hepatic volume after administration of epinephrine. The increase of 
hepatic volume was attributed to obstruction of the flow of blood from 
the liver into the systemic circulation. They stated that the most prob- 
able cause of the obstruction is a nari’owing of the hepatic sinusoids, 
which is jirodueed by swelling of the hepatic cells. Lamson and lioca’** 
stated that the liver is a unique organ whose circulation possesses a con- 
strictor mechanism on the venous side of its capillaries, and that this' 
constrictor mechanism in the dog is under nervous control and can be 
acted on by epinephrine, which brings about an obstniction of outflow 
of blood by narrowing the hepatic veins. Loeflier and Nordmann’® 
transilluminated the mammalian liver in situ and observed marked 
paling of the regions under ob.servation whenever epinephrine wa.s ap- 
plied locally or given intravenously. They attributed the paling to 
narrowing or complete closure of the capillaries and other ve.ssels in the 
field of observation. 
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Lampc-” suggested that epinephrine causes constriction of only por- 
tions of the vessels, possilily the ])reeapillaries, -in the perfused liver. 
Lampe and Mehes*’ observed that epinephrine causes a decrease of 
hepatic outflow and a diminution of hepatic volume. They attributed 
these changes to const riction of the vascular ramifications within the 
liver. Baer and Kbssler*-' observed a decrease of hepatic volume Avhen 
epinephrine was added to the iiorfusate. They concluded that both the 
hepatic, and the portal ramifications within the liver are endowed with 
a vasomotor mechanism which is .stimulated by epinephrine. McLaugh- 
lin-^ noted that the jierfuscd livers of dogs and cats consistently gave a 
decreased outflow under the influence of epinephrine. The epinephrine 
was thought to act on tlie intrahepatie portal radicles. Bodo and 
IMarks'"* found that the addition of epinephrine to the perfused mam- 
malian liver caused a considerable rise of arterial pressure when the 
epinephrine entered the liver through both the hepatic artery and the 
portal vein, but, when it was administered only through the portal route, 
the rise of arterial pressure was le.ss marked than when it was admin- 
istered by both routes. Clark-'^ observed a rise of portal pressure in 
the intact cat and a considerable decrease of hepatic volume and per- 
fusion flow under the influence of epinephrine. He explained the rise 
of portal pressure and the reduction of perfusion flow as due to the con- 
strictor action of epinephrine on the intrahepatie vessels, and not to 
swelling of the hepatic cells. Mattson-" observed a rapid and pro- 
nounced decrease of hepatic volume in every experiment in which 
epinephrine was admini.stered intravenously. 

Grab, Janssen, and Rein^®’ found that giving small doses of epineph- 
rine intravenously caused the hepatic outflow to exceed the inflow to 
such an extent that about 59 per cent of the weight of the bloodless liver 
might be lost during the period of exce.ss outflow. They suggested that 
epinephrine relaxes the efferent hepatic veins. Carnot, Gayet, and 
Merklen^® consistently observed elevation of portal pressure after in- 
jection of epinephrine. The rise of pressure was attributed to the con- 
strictor effect of epinephrine on the arterioles in the portal regions. 
Griffith and Emery^^* attributed the decrease of hepatic volume to 
the asphyxial secretion of epinephrine which caused constriction of the 
intrahepatie vascular ramifications. They observed a decrease of hepatic 
volume when epinephrine was administered into the hepatic artery. By 
means of the Rein thermostromuhr, Schwiegk^" observed an increase 
of flow in the hepatic artery when small doses of epinephrine were given 
in the form of continuous infusions, but the plethysmographie record 
of hepatic volume gave variable results — sometimes an increase, at other 
times a decrease. With the administration of epinephrine, Bauer, Dale, 
Poulsson, and Richards-'*^ obseiwed constriction of the ramifications of 
both the hepatic artery and the portal vein. They stated that epineph- 
rine opens the sluice mechanism located near the openings of the hepatic 
veins into the inferior vena cava. McMichaeP^ observed a decrease of 
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liepatic volume when epineplirine was administered. lie .suggc.sted tliat 
the con.strietor effect of epinephrine must he on the poilal venous ram- 
ifications in the liver, and not on the .sublobular hepatic veins. 

Eiiegg^® found that, in the perfused liver of the dog, epinephrine 
might cause either an increase of outflow by producing dimini.shed portal 
resistance, or a decrease of outflow accompanied by a rise of portal 
resistance. Pak and Eead^' compared the effect of ephedrine with .that 
of epinephrine on the hepatic circulation of dogs and cats. Ephedrine 
caused a prolonged rise of the portal pressure of dogs, but the rise was 
not as marked as that produced by epinephrine. The rise of portal pres- 
sure was attributed to va.soeon.strietion of the portal ramifications. 
Tsehernogoroff and Popoff’® perfused the liver of the dog in situ, and 
observed a decrease of hepatic volume and a rise of poifal pre.s.sure on 
administration of epinephrine. With large doses of epinephrine, Katz 
and Eodbard®® observed a rise of portal pressui-e and a .sharp decrease 
of portal flow, followed sometimes bj’’ an increase, with a final return to 
the control level ; but in small doses the portal flow may increase while 
the venous pressure falls. Cliaki-avarti and Tripod^® noted the following 
• three actions of epinephrine on the perfused liver: (1) the sluice 
mechanism at the entrance of the hepatic veins into the inferior vena 
cava was opened, thus removing the re.sistance on the venous side and 
decreasing the volume of the liver,* (2) the resi.stance on the inflow side 
was increased by constriction of the ramifications of both the hepatic 
artery and the portal vein in the liver; and (3) when the epinephrine 
already in the perfusate caused a decrease of hepatic volume, the added 
epinephrine caused an increased resi,stance on the outflow side. Sjto- 
pathomimetic drugs — tyramine, ephedrine, veritol, sympatol, and ben- 
zedrine — acted like epinephrine except that their effects were much 
more prolonged. 

Results. — ^A. Observations on the amphibian liver; One-tenth cubic 
centimeter of a 1 .-10,000 to 1 .-100,000 .solution of epinephrine hydj’o- 
ehloi’ide, when administered intravenou.sly, or the direct application of 
a drop over the region under ohservation, repeatedly cau.sed con.strie- 
tion of the sinusoids of the liver, regardle.s.s of whether they were ar- 
terial, portal, or hepatic venous. TJie time which elapsed between the 
administration of epinephrine and the constrictor effect on the sinu.soids 
of the liver was brief; it varied between five and ten seeond.s. The dura- 
tion of tlie constrictor effect wa.s roughly proportional to the concentra- 
tion of epinephi-ine administered. However, the artei’iovenous anas- 
tomoses, as well as the points of origin or bifurcation of the ve.ssels, were 
affected most comspicuously. When the lower dilutions were u.sed, the 
arteriovenous anastomoses constricted to the point of disappearance, and 
most sinusoids in the region under observation contracted to .such an 
extent that the individual corpu.sc-les were squeezed tightly into single 
file in the lumen. When higher dilutions of epinephrine were admin- 
istered, the arteriovenous anastomo.ses contracted .slightljq but the force 
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of arterial flow was so strong that Iflood was pushed in 1)otli directions 
tlirong'li the vein at. the anastomoses and reversed the direction of flow 
distal to the arteriovenous anastomoses. The flow in both directions in 
the vein at the arteriovenous anastomoses lasted for more than two 
minutes, and the sinusoids draining- into that vein became efferent 
sinusoids: tliat is, tliey cari-ied blood away from that vein mto the 
lobule wliich tliey traversed, instead of draining; it into that vein as they 
did before the administration of epine])hrine. After the constrictor 
effect of epinephrine wore off — which was usually within three minutes, 
except in the case, of very low dilutions, in which it lasted a little, 
longer — there followed a gradual reactivation of the wliole lobule, with 
engorgement of tlie sinusoids by the packed corpuscles in the rapidly 
flowing stream through their liimina. At this stage the arteriovenous 
anastomoses were wide o])cn. and the reverse flow increased to such an 
extent that it eonpiletely overcame the draining stream and made of 
the \\diole region a supplyiiigjnstead of a draining system. 

Direct application of a drop of 1:10,000 solution of epinephrine hy- 
drochloride caused, in addition to the constriction of the sinusoids and 
arteriovenous anastomoses, shrinkage of the hepatic lobule to such an 
extent that the region under observation pulled away from the ob- 
jective of the microscope. 

B. Observations on the mammalian liver: Solutions of 1:10,000 to 
-1:100,000 epinephrine hydrochloride, when administered in amounts of 
O.i c.c. into the portal vein or the inferior vena cava, or two drops ap- 
plied directly through a fine needle over the illuminated region, re- 
peatedly produced a constrictor effect on the sinusoids of the liver, re- 
gardle.ss of whether they were arterial, portal, or hepatic venous, or 
whether they were located in the periphery or center of the lobule. The 
constrictor effect produced by direct application of epinephrine ap- 
peared within ten seconds and lasted two to four minutes, after which, 
reactivation of the sinusoids took place gradually. With the higher dilu- 
tions the reactivation of tlic constricted sinusoids was accompanied by 
activity of the sinusoids that wei-e inactive in tlie field under observation 
prior to the application of the drug. When the more concentrated solu- 
tions were applied, the region became very much blanched with almost 
total disappearance of corpuscles from the extremely contracted sinus- 
oids during maximal constriction; and, as the effect of the drug wore 
off, not all of the sinusoids became reactive. The duration and the de- 
gree of blanching varied roughly in proportion to the concentration of 
the solution of epinephrine Avhich was applied. 

Of the two intravenous routes of administration, that by Avay of the 
portal vein gave a much more lasting and a stronger constrictor effect 
than that by the caval route. The constrictor effect produced l 3 y the 
injection of ‘ epinephrine into the inferior vena cava lasted, invariably, 
less than four minutes, and rarely appeared before ten seconds after 
the injection. Injecting the same amount and dilution of epinephrine 
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into the portal vein caused, within five seconds, marked constriction of 
the sinusoids under observation, and more than Jour minutes elapsed 
before activity became as it was prior to the injection. When the con- 
tracting sinusoids trapped corpuscles in their lumina, the constrictor 
effect of epinephrine seemed more conspicuous at the point of entrance 
of the sinusoids into the draining veins, which was the only region 
where no lumen could be discerned during the etfect of epinephrine. 
On several occasions erythrocytes were seen outside the lumen of the 
sinusoid, between it and the bordering hepatic cells. This seems to in- 
dicate the presence of regional deficiencies in the walls of sinusoid.s. 

It was observed that when the drug was administered into the in- 
ferior vena cava the constrictor effect was replaced within four minutes 
by overactivity of the circulation in the w'hole liver, both as to number 
of active sinusoids and as to engorgement and rate of flow of blood in 
them. jMore than twenty minutes clap.sed before the activity subsided 
to the preinjection state. The effect of epinephrine on the anastomo.ses 
between the ramifications of the portal vein and the hepatic arterj^ in 
the periphery of the lobule was also studied. The ramifications of both 
the portal vein and the hepatic ai-ter.y were narrowed considerably for 
more than one minute, and the communications between them disap- 
peared until the constrictor effect wore off, after which each anastomosis 
looked much larger than it was prior to the injection of epinephrine. 

ACETYLCHOLINE 

Literahire. — Snyder'"’® showed that a vagus stuff is libei’ated into 
the perfusate of the isolated liver of the turtle as a result of stimula- 
tion of the vagus nerve. He also demonstrated that acetyl'/?-methyl- 
choline increases the rate of outflow from the liver when the pH is 7,0, 
and decreases it at a pH of 7.5, In another publication, he atti’ibuted 
the reduction of hepatic volume to the decrease in portal -inflow caused 
by the vasoconstrictor effect of acetyl-yS-methylcholine on the portal 
venous bed. He stated that the cholinergic drug, as well as the 
impulses of the motor vagal nerve, pi-oduccs constriction of the 
hepatic venous sphincters. In his latest publication, Snyder® explained 
the effects of cholinergic dnigs as being due to peristaltic constric- 
tion of the hepatic venules and the hepatic vein, without active 
participation of the hepatic .sinusoids. Hunt'*’ .stated that acetylcholine 
has a dilator action on the terminations of the hepatic artery, and that 
this effect disappeai-s when the artery Is ligated. Bauei*, Dale, Poulsson, 
and Richards'^'* found that acetylcholine had hardly any perceptible 
effect on the ramifications of the hepatic artery or of the portal vein, 
Hel\liehaeP® stated that, with large do.ses of acetylcholine, he obtained 
constriction of the portal branches and a ri.se of portal pi-e.ssure. Katz 
and Eodbard'’® noted that acetylcholine in amounts up to 10 micrograms 
did not have any effect, but in do.ses of more than 100 micrograms it 
produced a fall of the portal and arterial pre.ssures and a deerea.se of 
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poiial flow. Wlien Cliakravarti and Tripod'*'^ injected acetylcholine into 
tlie portal vein, they did not observe any increase of liepatic volume, 
but wlien tlie drug- was injected into the hepatic artery, the increase of 
hepatic volume was attrilnited to inei-eased artei-ial flow and to diminu- 
tion of outflow. 

Results. — ^A. Observations on the amphibian liver: Solutions of 
1:100,000 to 1:10,000,000 of acetylcholine bromide Avere applied di- 
rectly to the region under oliservation or injected into the vein leading 
to the liver. Neitlier by direct application nor by intraA^enous admin- 
istration AA'ere any observable efi'eets produced on tlie circulation in the 
liver: the sinusoids did not shoAv either constriction or dilatation. The 
arteriovenous anastomoses in fields under observation Avere also un- 
affected by the acetylcholine. HoAA-eA'cr, at times, after the acetAdeholine 
reached the heart, the liver became temporarily congested from stasis 
of the blood in the sinusoids produced by the transient ‘‘'standstill” 
of the heart AA’-hich Avas brought about by the parasympathomimetic 
drug. 

B. Obsei’Amtions on the mammalian liA'cr: Solutions of 1:10,000 to 
1:10,000,000 of aeetAdcholine bromide Avere administered either Iia’- di- 
reet apjilication to the region of the liA'er under observation or by in- 
jection into the portal vein. Neither by direct application nor by intra- 
A*enous administration AA'cre any obserAmble effects produced on the circu- 
lation of the intact liver : the sinusoids did not shoAv either constriction 
or dilatation. In tAA'O experiments, there Avas one arteriovenous anas- 
tomosis in the interlobular margin. The acetylcholine did not have 
any effect on the anastomosis in either case. When the higher con- 
centrations Avere administered, the drug sloAved the heart, and, as a 
result, sloAving of the floAV in the sinusoids and some engorgement fol- 
IcAA-^ed. In some ex])erimcnts the heart stopped for about fifteen seconds, 
during AA*hich there AA^ere real engorgement of the liver and stasis in the 
sinusoids. HoAvever, the activity of the sinusoids returned to the pre- 
injection state as soon as the heart began beating vigorously after the 
effect of the paras.Aunpathomimetic drug Avore off. A fcAv experiments 
Avere tried Avith A^ery large doses of acetylcholine (0.3 c.c. of 1:1,000 
solution), administered into the portal vein. An immediate but trans- 
ient constriction of the portal branches Avas observed. 

GLUCOSE 

Literature.— Mautiiev^- obseiwed a long-lasting increase of hepatic 
volume after intravenous administration of glucose, levulose, and 
maltose. He suggested that the lysis Avater released during the foima- 
tion of glycogen from these sugars is the probable cause for the in- 
crease of hepatic volume. Mattson^' found that glucose or lewulose, 
Avhen given intravenously, produced definite increases of hepatic vol- 
ume Avhich were greater than those produced by the injection of equiAm- 
lent amounts of physiologic saline solution. After the intravenous in- 
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, jection of 20 e.c. of a 40 per cent .solution of gliico.se, Seluvieglv"'’ found 
that the blood flow in the hepatic artery inei-eased to double the control 
volume, wherea.s the portal flow increased 10 per cent. Lichtwitz” ex- 
pressed the belief that there is a “functional coordination between (lie 
-chemism of the liver and its circulation.” Free hepatic circulation as- 
sures the delivery of dextrose to the consuming organs. 

Results. — ^A. Observations on the amphibian liver: Slow intravenous 
injection of 1 c.e. of a 10 per cent solution of glucose per 25 Gm. of 
frog body weight produced an inerca.se in the circulatory activity of 
the liver. This observation was confirmed repeatedly in different 
lobules of the liver of the same animal and in the livers of different an 
imals. For example, in one I’egion under observation, twenty-eight 
sinusoids were inactive, but contained motionless corpuscles in their 
lumina before injection. Six minutes after the slow injection of 1 c.c. 
of a 10 per cent solution of glueo.se, tAventy-three sinusoids became active, 
and before the end of ten minute.s no inactive sinusoids Avere seen in 
the field. This increase of activity continued for more than tAAm hours. 
Sufficient obseiwations have been made, and all shoAved that Avhen glu- 
cose is sloAvly administei’ed intraAmnousIy it increases the circulatory 
aetiAuty in the hepatic lobules. Under similar condition.s, control e.x- 
periments Avere performed bj^ .sub.stitutiijg the same quantity of frog 
Ringer’s solution for the glueo.se. No noticeable increase of circulatoiy 
activity in the liAmj- A\ms manifested in the controls. 

B. Observations on the mammalian liver: SIoav intraAmnous admin- 
istration of 1 e.c. of a 10 per cent .solution of glucose in Ringer’s .solu- 
tion per 50 Gm. of rat body Aveight led AA'ithin three minutes to a 
gradual increase of circulatory actiAuty in the liAmr. Before the lapse 
of fifteen minutes after the injection, practically all the hepatic lobules 
and their sinusoids AAmre in full circulatory actiAuty. The lobules or 
portions of lobules that Avere actiAm prior to injection continued in full 
actiAut^'', and those that Avere inactiA^e became actiA'e. Even the shoit 
transAmrse and oblique sinusoids Avhich connect the radial ones became 
patent and fully actiAm. This maj-ked increase of circulatory activity 
lasted more than tAvo and a half hour.s, after AA^hieh a gi-adual return 
to the preinjeetion .state was observed. Under identical condition.s, 
control experiments AA'ere performed by substituting Jiinger’s .solution 
AAuthout glucose. No perceptible change in the circulatory activity of 
the liAmrs of the control animals could be obserA^ed. 

THAmOXIN 

Results. — A. Ob-seiwations on the amphibian liv'er: Daily injections 
of 1 mg. of thjToxin into the doisal Umriph sac for a period ol. ten to 
tAventy days, or the feeding of thyroid for the same period produced a 
great increase of circulatory actiA'ity in the liA’er. To the naked eye 
the exposed liA^ers apiJeared much redder than those of the controls. 
^Microscopic examinatioji of the transilluminated liA'cr in situ .showed 
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that praclically all the lobules ^vel■e in the active state, in contrast to 
the controls, in 'which the majority of the livers were comparative!}^ in- 
active. There were many more patent arteriovenous anastomoses be- 
tween corresponding- branches of the portal vein and the hepatic artery, 
and of the hepatic artery and the hepatic vein, and also many more 
regions of sinusoids supplied with arterial blood in the livers of frogs 
to which thyroxin or thyroid had been administered than iii the controls. 
Three per cent of the frogs died during the period of administration, 
and two per cent did not .show any noticeable increase of circulatory 
activity in their livers. All the others manifested the described changes 
of t.heir hepatic circulation, plus a loss of weight ranging from 2 to 8 
grams. 

B. Observations on the mammalian liver: Daily subcutaneous injec- 
tions of 0.05 to 0.1 mg. of thyroxin ]ier 50 Gm. of rat body weight over 
a period of ten days caused a marked increase of circulatory activity in 
the liver. From the second day, the liver began to look hyperemic, 
and, on microscopic examination, a slight increase of circulatory activity 
was observed. About the sixth day of administration of thyroxin, the 
increase of circulatory activity in the liver attained its maximum, dur- 
ing which there was complete activity of all sinusoids of the liver. The 
intermitten cc, or shift, of circulatory activity that was observed in the 
control livers was no longer present under the influence of thyroxin. 
There were scarcely any sinusoids or portions of lobules which could be 
considered in the resting phase. Even the oblique and transverse si- 
nusoids were active, and the whole liver pulsated from the increased 
circulatory activity. Arteriovenous anastomoses in the interlobular 
spaces between the hepatic artery and the portal vein were observed 
more frequentl.y in livei-s of rats which i-eceived thyroxin than in the 
controls. 

After the administration of thyroxin was stopped, the circulatory ac- 
tivity in the liver took about two weeks to subside to the normal state 
and show the intermittence and alternation that were observed in the 
hepatic circulation of the control rats from the same litter. • 

PARTICULATE JIATTER AND DYES 

Results. — ^A. Observations on the amphibian liver. India ink : Injec- 
tion of 0;2 c.c. of a 1 per cent suspension of India ink into the lymph 
sac, within a period of five to twelve minutes, led to a gradual increase 
of circulatory activity in the hepatic lobules. Within forty-five min- 
utes there remained practically no region of the liver in which the 
circulation was not active. Almost every sinusoid was patent, and 
blood was rapidly coursing through it, with many particles of ink 
carried in the stream. Many arteriovenous anastomoses became patent. 
At the same time the reticulo-endothelial cells of Kupffer gradually 
became loaded with particles of ink. After about two liours from the 
time of injection, the Kupffer cells became so loaded with black particles 
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that the wJiole liver became extremeh^ dark. At tlii.s stage the circula- 
tion of the liver became mucli less active than before, and many sinusoids 
were observed in various phases of inactivity. The Kupffer cells were 
seen in the 'ivalls of the sinusoids, and were located most commonly at 
the bends. Often Kupffer cells loaded with particles of India ink were 
seen pro.ieeting into the lumen of a sinusoid, but they were never .seen in 
the lumen of a sinusoid with strands connecting them to the wall. 

Dyes: The intravenous admini.stration of 0.05 c.e., or the in,ieetion 
into the l.ymph .sac of 0.2 e.c. of a 1 per cent .solution of methylene blue, 
or of gentian %iolet, led in a few minutes to a marked increase of the 
circulatory acti\ity in the liver which continued for more than three 
hours. The regions in which sinu.soids had been in various .stages of 
inactivity before the dye was in.iceted became so active that practically 
every sinusoid was opened, with blood i-apidly cour.sing through it. Un- 
der the influence of the dye no increase in the number of patent ar- 
teriovenous ana.stomoses in the regions under obseiwation was noticed. 

B, Observations on the mammalian liver. India ink; In,iection of 
0.1 to 0,2 c.e. of a 10 per cent suspension of India ink in mammalian 
Ringer's solution into the inferior vena cava led, within two minutes, 
to a gi’adual increase of circulatory activity in the liver. Within ten 
minutes practically every lobule in the liver w’as active, and the 
sinusoids were filled with blood and particles of ink which rapidfv 
streamed through them. Thereafter; the j-etieulo-endothelial cells of 
Kupffer became evident by the pre.sence of particles of ink wuthin them. 
Ob.senmtions were made for periods extending over sLx houis. Xo mat- 
ter how' dark the liver became, or how' loaded the Kupffer cells were with 
particles of ink, the circulation remained active. It was repeatedly ob- 
.seiwed that the regions where the .supply to tbe sinusoids was mainly 
arterial had the least number of Kupffer cells, and these were compar- 
atively veiy slightly charged with paiticles of ink. Four or five .sinus- 
oids fed by ramifications of the hepatic artery could be t7*aeed all along 
their course tow'ard the central vein, and no chai'ged Kupffer cells could 
be detected in their lumina or in their walls, w'heicas, in the walls of 
the sinusoids .supplied by the comparatively slower .sfream from the 
portal vein, many Kupffer cells could be ob.sened and were loaded with 
particles of ink. Some of these charged Kupffer cells bulged into the 
lumen, and others were within the lumen, and connected to the w'all 
by sti-ands over and under wiiich erythrocytes pa.s.sed through tbe 
sinusoid.s. 

SrSJJfAKV 

The effects of glucose, dyes, particulate matter, thyroxin, epinephrine, 
and acetylcholine on the intrahepatic circulation of blood in intact an- 
imals were .studied in vivo by means of the quartz-rod transillumination 
technique. 0 luco.se inci-ea.sed the intrahepatic circulatojy aetivit}. 
Particulate matter, India ink, and dyes increa.sf;d the intrahepatic circu- 
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Jatory activity and stimulated tlie phagocytic action of the Kiipffer cells. 
The Kiipffer cells became loaded ivith particles shortly after the in- 
jection of India ink. In the frog no Kiipffer cells were seen within the 
liimina. of the siniisoid.s, whereas in the rat such cells wore found within 
the lumina of the sinusoids and were connected by strands to the 
sinusoidal wall. Thyroxin caused an increase of the vascular activity 
within the liver to such an extent that one could I'arely find any sinus- 
oids in the inactive phase. E]nne])hrine produced blanching of the liver 
by eairsing constriction of the intrahepatic vascular 1‘amifications, but 
acetylcholine did not have any preeeptiblc vasodilator effect. 
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AURICULOVENTRICULAR BLOCK WITH 
VENTRIClJLOAURICULiUl RESPONSE 

Report of Six Cases and Critical Re\te\v of the Literature 

Max Winternitz, j\r.D., Stratford on Avon, England, and 
Richard Langendorf, M.E., Chicago, III. 

E xperhients on animals have shown that retrograde conduction 
i.s a normal function of the muscular conduction system.^ Clinical 
experience, however, is not quite in accord Avith the experimental re- 
sults, as this report Avill illustrate. 

When A-V nodal rhythm is established by the action of a loAver 
rhythm center Avhieh forms impulses at a more rapid rate than the 
sinoauricular iiaeemaker, block of the V-A (retrograde) conduction, 
giA’ing rise to a complete or incomplete A-V dissociation,* is obseiwed 
far more frequenth^ than retrograde conduction, giving rise to a true 
A-V nodal rhythm of the Avhole heart. Retrograde conduction of the 
impulse in the case of ventricular extrasystoles occurs even less fre- 
quently, and retrograde conduction in Avhich idioventricular rhythm 
arises beloAv the bifurcation of the common bundle rarely occurs. 

It is therefore surprising that retrograde response should occur, and 
.shoAv a normal or almost normal transmission time, Avhen orthograde 
conduction is grosslj* impaired. We have been able to find nineteen 
such cases in the literature. Three further cases of our OAvn are pre- 
sented, together Avith three additional cases A\diich Avere kindly put at 
our disposal by Di-. Louis N. Katz and Dr. John Parkinson. 

CASE reports 


Case 1. — A. Avoman, 62 years of age, Avith long-standing hypertension. 
An attack of dizziness Avithout lo.ss of consciousness, in July, 1937, Avas 
folloAved by a bradycardia of 35 beats per minute and a fall of the 
systolic pressure from 210 to 140. No drugs had been given prior to 
the attack, and thei-e had been no complaints of anginal pain. The 
condition remained stationary for the Avhole time of our observation 
(oA'-er tAvo months). 

Electrocardiograms (six records on four nonconsecutive days Avithin 
seven Aveeks). — 

A. Sept. 11, 1937 (Fig. 1, A). There is complete A-V block, Avith 
idioA'^entricular rhythm; the latter probably arises beloAv the bifurca- 
tion of the bundle of His, at a regular rate of 87. . There is '‘Ioav 
voltage”; the QRS duration is 0.13 second. The sinus rhythm is 


Both formerly of ,Prag-ue, Czechoslovakia. 

Received for publication March 16, 1943. 

♦The term A-V di.ssociation is used in contradistinction to A-A''. block to indicate 
independent action of auricle and ventricle, not the resulL of impaiied A-V conduc- 
tion but resulting from the normal refractory period of the junctional tissue when the 
rate of the subsidiary pacemaker exceeds that of the sinus impulses, transmitted to 
the subsidiary pacemaker. 
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slightly irregular because of the varying position of P in relatioii to 
the ventricular complex; tlie P-P intervals which include a ventricular 
beat are shorter than the P-P intervals which do not. 

_ The fourth auricular beat (P') in Leads I and , II and the third in 
Lead III ai-e definitely premature. Bach follows P by an interval of 

0. 15 second, is upright and small in Lead I, and inverted in Leads II 

and III. The following interaurieular interval (P'-P) is lengthened 
and compensates for the shortening of the preceding P-P'. Whenever 
P-R is wRhin the limits of 0.415 to 0.450 second, a similar arrhythmia 
occuis. U hen P-R is under 0.410 second, or above 0.550 second, the 
?!l. ^ normal in shape and occurs at the expected time. 

Within the range for P-R of 0.4G0 to 0.550 second, P' occurs within 
the limits of normal P-P intervals or is slightly premature. It differs 
from the other P'’s in not being inverted in Leads II and III, and also 
differs from the normal P in minor details: however, its shape is diffi- 
cult to recognize because of the superposition on T. 

As shown, the iiremature auricular beats represent ventriculoauricu- 
lai lesponses. Ihe intermediate character of responses in late aurieu- 
lai* diastole is ]iroduced by tlie fu.sion within the auricles of the nor- 
mal sinoauricular impulse with the retrograde impulse. Such beats, 
resulting from .simultaneous stimulation oE the same 'portion of the 
heart by two impulse.s, miglit he termed 'Mnsion heats,"- in contra- 
distinction to beats showing ''superposition" in the electrocardiogram, 

1. C., algebraic summation of electrogi'ams of various portions of the 
heart stimulated simnltnncon.sly. 

B and C. Sept. 18, and Oet. 2, 1937 (Ihg. 1, R). There i.s 2:1 
auriculoyentricular response throughout, and sinus arrhythmia with 
alternation of the P-P intervals; those whicli contain a ventricular 
complex are shortened. This is common in A-Y heart block, and we 
propose to call it "ventriculophasie sinus arrhythmia in heart block." 

D. Nov. 3, 1937 (Fig. 1, C). There is a high-grade, incomplete A-Y 
block; the ventricles are controlled for the most part by an idioven- 
tricular pacemaker, and ortbograde impulses are transmitted only in 
late ventricular, diastole. AVhen R-P exceeds 1.58 seconds, tlie R-R of 
the idioventricular rhythm mea.sures 1.92 seconds, and conduction 
takes place with a P-R of 0.22 to 0.26 second. Idioventricular and 
conducted ventricular complexes differ only in minute details, and arc 

TabijE I 


REFI’.ACTOP.Y Peiuoi) fou Ortiiogrape (A-V) axd Eetrograde (V-A) Coxductiox in 

Case 1 


- . ■' J 

1 

D.Vi'E 

RIIYTHAI 

1 ORTHOGRADE CONDUCTION 

1 RETROGRADE CONDUCTION 

P-R 

LONG- 
EST R-P 
NOT 
FOL- 
LOWED 
BY CON- 
DUCTION 

SHORT- 
EST R-P 
FOL- 
LOWED 
BY CON- 
DUCTION! 

R-P' 

LONG- 
EST P-R 
NOT 
FOL- 
LOWED 

BY CON- 
DUCTION 

SHORT- 
EST P-R 
FOL- 
LOWED 
BY CON- 
DUCTION 

9/11/37 

Complete A-V block, idio- 

CO 

1.37 


0.15 

0.41 

0.435 


ventricular rhytlim 







9/18/37 

2:1 A-V block 

0.205 

0.51 

1.25 




10/ 2/37 

2:1 A-V block 

0.205 

0.53 

1.28 




11 / 3/37 

rncompleto A-V block , 

0.22- 

1.58 

1.53 

0.15 

0.45 

0.47 


with interference- 

0.26 







. clis-sociation 





i 
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almost identical vnth. the ventricnlar complexes at the time of 2:1 
response (Fig. 1, B). Yenfricnlophasic sinus arrhythmia is present 
Tentriculoauricular responses are of rare oec-mTence, and are spotted 
most easily when the longest P-R iii{er\m1s are examined closely, jQ- 
though P-P' does not exceed the lon'cr limits of normal interauricular 
periods (P-P) as measured in the v/hole curve, it is shorter than the 
average P-P. P' is inverted in the two middle tracings, but not in the 
upper and lower. 

Table I gives a summary of our obsem'ations in this case. 


C.-^SE 2. — man, 76 years old, showed signs of congestive heart fail- 
ure in February, 1937, with slight anginal pain on effort. There v/ere 
never any fainting spells. Prostatectomy vdthoiit complications was 
done at the age of 70 years; ghmosuria had been found at the age of 
69 years. When first, seen by one of us QL W,) on Aug. 25, 1.9-37, his 
blood pressure was 220/80, and his pulse rate, 48. There were left 
ventrieular enlargement, severe congestive failure, and a periodic type 
of breathh^ ivithout distinct periods of apnea. Digalen 'was admin- 
istered daily, in a dose corresponding to 0.2 Gm, of the powdered 
leaves, from August 29 until August 31, and in a dose coire-sponding 
to O.lo Gm., from September 1 until September 10, Two miections of 
a mercurial diuretic (novurit) *were also given. The edema sub.?ided 
considerably, and the general condition improved markedly up to 
September 11, when he developed frequent “attack.s,” 'svith loss of 
consciousness : once he injured him.self by falling, but had no con'i'al- 
.sions. When digalen was discontinued, his attacks .stopped imraedi- 
ately, but the patient was’ in a .state of eonfu.sion for several davs ana 
complained of severe headache on .subsequent days. Xothmg oi Tifffe 
was observed later; the patient’s compen.sation was ruaintained by 
means of 0.0-5 to 0.1 Gm. of powdered digitalis leaf, daily, and 'occa- 
sional intravenous administrations of no’-mrit. He died from eerebra. 
hemorrhau'e in July, 1938. Permission for a post-mortem exeminstion 
was not obtained. 


ElectrocardAopra'ins (seventeen records on twelve nonconseeuiive days 
vithin .six months). — 

A- Aug. 25- 1937- The record shows complete A-Y block v-ith jdio- 
rentrieuJar rhythm. The auricular rate is 66. without marked ar- 
rhj'thmia. The ventricular action is regular at a rate ox 47 to ol per 
minute, QRS mea-swres 0.12 second- The auricular rhythm. whiCJ 
controlled hj 

ular complexes 

graves in Lead I differ from the norwsl P wave, in ftat are 
.sli 

P — ^ 

second and occur only at a P-P' distance of 0.77 .second or more 
a P-R of 0-62 second or more), ’while the normal P-P inien'al is, 

0.91 .second. The sub.sequent P'-P is lengthened without, however, inliy 
compensating for the preceding .shortening. Con.sjdering the 
P' as retrograde P %vavi 
the retrograde irnpi 



impulse formation. 

B. A record taken three days later shows essentially lue .s^auje 

features. ^ -c 

C. Aug. 31, 1937 (Fig. 2, A, B, and G), third day of digifain? t.em- 
ment. Here we have complete A-Y hloeh, with a levr retrograoe 

at P-P' intervals of 0.7.5 .second and more. R-P' vanes from ),ii 
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0.17 second, in inverse proportion to the length of the preceding P-K 
Fusion of an orthograde and late retrograde P is probable from the 
time relations, but is not reflected in the shape of the resulting P wave. 
Independent of retrograde conduction, there is a marked auricular 
arrhythmia ivith wandering of the pacemaker. The P waves are some- 
times inverted, and show the same contour as the retrograde P waves 
(P'), but the time of their occurrence proves their indep^findcnt origin. 
They are most likely retrograde re.spon.ses to escapes of the A-V node 
which are blocked in the orthograde direction. These escapes occur 
mostly with a slowing of the auricles, such as follows retrograde con- 
duction or is produced by carotid sinus pressux’e, 

D. Sept. 11, 1937 (Pig. 2, 7^), at the time of digitalis intoxication. 
Here there are complete A-V and complete V-A block. The whole 
record, containing seventy-four ventricular cycles with every possible 
position of P, fails to .show any .sigxi of retrograde conductivity. The 
auricular action is very irregular, and multiple aur-ieular escapes and 
extrasystoles are present. The idiovcnti-ieular rhythm has also become 
irregular, and its rate ranges from 22 to 53. The di.stui’bance of the 
idioventricular rhythm may explain the Adam.s-Stokes attacks which 
occurred on this day. Digitalis is also resgronsible for the alterations 
in the form of the ventricular complex. 

E. Sept, 21, 1937, ten days after digitalis was discontinued. There 
is regular sinus action, with a r-ate of 63, 'I'here is no retrograde con- 
duction, Several ventricular* extra.systoles ar’c present, interrupting 
the idioventrieirlar rhjdhm. 

P. Sept. 25, 3937 (Pig, 2, 77), Fere rctrogi'ade conduction has re- 
appeared, It occur.s only at a P-P' of 0.82 second or* more, and the 
transmi.ssion time (K-P') is lengthened to 0,18 to 0.22 second. Thus, 
the absolute, as well as the relative, refractory period of retrograde 
conduction is affected bj’’ the aeeuinulation of digitalis. Ventricular 
extrasystoles sometimes occur by chance after a retrograde P'. thus 
sugge.sting a “sandwiching,” i.e,, conduction from the ventricles to the 
auricles and back again to the ventricle.s. It can be easily shown, how- 
ever, that sirch reciprocal I’hythm does not occur in our case. 

G. Oct. 2, 1937. Petrograde conduction occur’s and the effect on it 
of digitalis administration has disappeared. Trr addition, there are 
numerous auricular extra systoles with aberrant, upright P waves, 
auricular ascapes with inverted P wave.s, and ventricular extr*a.sy.stoles, 
.some of them with retrograde eorrduclion. This record and similar 
ones taken on other days made it po.ssibIe to ascertain and compare the 
conditions for retrograde conduction after different types of auriculai 
beat.s. It was found that retrograde conduction followiiig invenca i 
waves occurred after .shorter P'-R intervals than retrograde conduction 
follow'ing upright P waves, whatever the origin of the inverted 1 
The retrograde conduction time (B-P') also tended to he shorter artei 
retrograde auricular excitations. i-zr • f 

Table II gives the data orr one of several records taken on dmeicn 
days. 

No significant features were added by later records. It was seen 
that, whenever an inverted P was due to .srrpraventrieular e.scape. i 
was followed by an idioventricular beat with retrograde conduction 
(Pig. 2, n and 7), and, wdrenever two ventricular beats with retrograde 
conduction occurred in succession (Fig. 2, G), the second P' of the pan 
occurred unu.suall 3 " earlj', ^ i . 

Thirty-five hundredths milligrams of strophanthin K, injty^ted rntra- 
venou.slj', failed to affect the jhythm. Barium chloride in do,se.s o 
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Table II 


Refractory Period for Retrograde Conduction After +P (Sinus P and Auricular 
Extrasystole) and-P (Retrogr^ude P and Escai’e) in Case 2* 




NO 

retrograde 

CONDUCTION 

RETROGRADE CONDUC- 
TION WITH R-F' 

0.20:’5-0.16 

RETROGRADE CONDUC- 
TION WITH R-P' 

0.15-0.135 

P-R in 

after +P 

29, 30, 36, oS 

5(5.5, 58, 88, 88 


1/100 sec. 

after -P 

i 

18,19, 22, 28 

i 

28, 28, 33, 33.5. 36, 40 
42, 42, 42.5, 43', 43.5, 
48, 48 

o4:, 54-.5^ oGj 58 


*For disicussion see text. 


Table ni 

Variations in Retrograde Conduction in Case 2 


NUM- 

BER 

OF 

REC- 

ORD 

i 

DATE 

RA' 

AUR. 

TE 

1 

i 

j 

VENT. 

LONGEST 

P-R NOT 

FOI,- 

l.OWED BY 

RETRO- 

GRADE 

CONDUC- 

TION 

PI, US 

snoRT- 

E.STR-P' 

(1) 

SHORT- 

EST 

P-P' 

R-P' 

NOTE 

1 i 

8/25/37 

66 

48 

0.63 

0.77 

0.13-0.15 

(1) To show up- 

2,3 

S/28/37 

55 

41 

0.54 

0.64 

0.13-0.17 

per limit of 

4 

8/31/37(2) 

62 

48 

0.67 

0.75 

0.11-0,17 

blocked retro- 

5, 6 

9/11/37(2) 

54 

22-,53 (2) 

>0.83 



grade conduc- 








tion 

7 

9/21/37 

63 

41-45 

>0.98 



(2) Digitalis 

S-10 

9/25/37 

59 

41 

0.75 

0.82 

0.18-0.22 

from 8/29/37 

11 

10/ 2/37 

60 

33-44 (3) 

0.71 

0.73 

0.13-0.16 

to 9/10/37 

12 

10/26/37 

58 

43 

0.72 

0.75 

0.15-0.17 

(3) Ventricular 

13 

11/ 2/37 

50-92 (4) 

41-48 

0.67 

0.71 

0.14-0.16 

extrasystoles 

14 

12/ 7/37 

58 

45 

0.61 

0.72 

0.11-0.18 


15,16 

2/ 7/38 

57 

40 

0.60 

0.70 

0.15-0.20 

(4) Auricular 

17 

2/25/38 

58 1 

46 

0.67 

0.87 

0.14-0.19 

extrasystoles 


0.03 to 0.09 Gui. daily, during three weeks, increased the auricular and 
ventricular arrhythmia, but was AAuthout effect on conduction or on 
the symptoms. 

Table III shows the variations of retrograde conduction over the 
whole period of observation. 

Case 3.t — The patient was a man, 48 years of age. Bradycardia had 
been observed since 1936. At this time he complained of mild attacks 
of anginal pain. The blood pressure was 150/80; the blood Wasser- 
mann reaction was negative. Roentgenologic examination showed 
marked sclerosis of the aorta. Adams-Stokes attacks developed, and 
became more frequent as time went on. The jiatient succumbed to one 
of these attacks in August, 1938; 

Electrocardiograms (four records of Lead II only, taken on four non- 
consecutive days within seven weeks) . — 

A. Nov. 6, 1937 (Pig. 3, A) . Complete A-V block alternates with 1 :1 
A-V response, probably partly because of the slight change in auricular 
rate. The sinus rate varies from 40 to 54 per minute as a result of 

tAVe are indebted to Dr. Leo Hahn, Birmingham, England, formerly of Teplitz- 
Schoenau, Bohemia, for , permission to use this case. 
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ventrienlopliasic siniTs arrliytlimia. The ventricular action is regular 
at 32 per niiniite, and QRS measures 0.14 second. Idioventricular and 
conducted beats do not differ in contour. The P-R interval, when con- 
duction occurs, varies from 0.17 to 0.185 second. The second and fourth 
idioventricular beats (typical of others not shown) show retrograde 
conduction, producing an inverted P', 0.15 second from the preceding 
R. This occurred whenever P preceded an idioventricular beat by 0.51 
to 0.80 second. The P' of retrograde conduction is not always pre- 
mature, but it is invariably followed by a lengthened P'-P interval. 
The only ventricular extrasystole seen on this day (second strip) is 
followed by retrograde conduction, with a R-P' interval of 0.15 second. 
The fifth ventricular complex (top line) and the first postextrasystolic 
complex show some dift'erenee in the .shape of QRS and T, The time 
of their occurrence makes it likely that they result from fusion of idio- 
A’^entrieular and conducted impulses. However, it is unlikely that 
fusion of impulses, both of which produce the same type of QRST, 
should result in an aberrant type unless improved conduction occurred 
after an exceptionally long ventricular pause and resulted in the ven- 
tricular coraiDlex aberration. 

B. Nov. 13, 1937 (Pig. 3, R). Here we have 1:1 A-V response, inter- 
rupted on five occasions by ventricular extrasystoles. Each of these 
is followed by the premature P waves which represent retrograde con- 
duction. The subsequent sinus P is blocked, and the ventricle escapes 
for one or two beats, until an auricular impulse occurs at a suitable 
interval after the end of the refractory period, when it is transmitted 
to the ventricle and 1:1 A-V conduction is resumed. The orthograde 
conduction time measures O.IS to 0.20 second: and the retrograde con- 
duction time, 0.15 second. The refractory period for orthograde conduc- 
tion, with the exception of postextras 3 '’stolic block, ends at 0.57 to 0.62 
second after idioventricular beats; retrograde conduction is confined 
to P-P' intervals of 0.63 to 1.06 seconds. 

C. Nov. 27, 1937 (Pig. 3, C). There is complete A-V block with ven- 
tricular complexes of the same type as before. The auricles are under 
the control of three foci : the sinoauricular node, the ventricular pace- 
maker (retrograde conduction), and a slow ectopic auricular focus 
with upright P waves. The retrograde conduction time measures 0,160 
to 0.175 second, dependent upon the preceding P-R, and the pause after 
retrograde P waves is fulty compensatory. 

D. Dec. 11, 1937 (Pig. 3, D). There is normal A-V succession, and 
the auricles are stimulated by the ectopic center that was present on 
November 27. The auricular rate is 36 to 39, and P-R is 0.195 second. 

SUIUlMiVRY OF OBSERVATIONS IN CASES REPORTED 

Our three eases, as well as the nineteen cases found in the literature 
(all listed in Table IV) and the three additional cases (illustrated in 
Pigs. 4 and 5, clinical data in Table IV), present certain identical 
features. 

1. Inverted P waves occur at short intervals after idioventricular 
beats in cases of , A-V block. These P waves, which we consider to be due 
to backward conduction of ventricular impulses to the auricles, are al- 
ways inverted in Leads II and III; in Lead I, however, P', as a rule, 
is either upright, diphasic, or isoelectric. It is upright in CPo and in- 
verted in Lead IVR in the few cases in which these leads were recorded. 
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Tliat the P' of retrograde conduction k not the mirror image of the 
ortliograde P was true also in nodal extra systoles, in A-V nodal escapes, 
and in paroxysmal tachycardia of A-V nodal origin. This peculiar pat- 
tern of the retrograde P wave was found in the illustrations of such 
arrhjdhmias in various textbooks and monograplis, as well as in ten out 
of twelve of our own recent cases. Attention has been drawn to it by 
Danielopolu and Danuleseo” and Wenckebach and Winterhei-g.'' 



Fi!T. 4 (Courtly of Ur. .J. P.-irkin.fon).— Two ens'.-.s- of compU.-to A-V hlork r.-ith 

rotrosfi-:i'J<i response's of tho amiclos. tj in 

(A) The third P in Eott/I II. tho fir.st P in J^iad IIT, and (S) trot" 

Ivad I <?), and the- foprtli J' in I^'.-ad II aro duo to rctroirnuJr; V n i. 

the rnarkoO prolon^ration of Uie retroirrarle conilurtion time 
Tlio auricular pause after the rctrogi'adc P v.‘.'5yc-.‘< is fuily compe-nsatorj , 
tliat the retrograde impulyc docs not reach the S-A node. 

Time intcri-.ais = 0,0 J .‘•ccond. 


2. In the majority of the cases tlie A-1 lilock is of aHcrioscleiofu. 
origin, and organic di.sease of the bundle of His is apparently the uiKk i- 
lying condition. In only one case out of twenty tTable JA) v.as the 
patient undei’ 4S years of age, and this case does not strictly itelong hi 


^^^NTERNITZ AND LANGENDORF : AURICULOMiNTRICUL/AR BLOCK 311 

the group because it is one of reciprocal rhythm. No case was encoun- 
tered of congenital heart block, of A-Y block due to myocarditis, or of 
A-V block following digitalis medication. 

3. Unstable or incomplete A-Y block, instead of complete block, oc- 
curred in more than half of our cases (Table lY). This seems to exceed 
the incidence of incomplete block in clinical heart block as a whole. It 
should be realized that the absence of conducted beats in a record does 
not necessarily prove that the conducting .system is completely unable to 
transmit impulses. Partial A-Y block with a long refractory i)eriod of 
the .iunctional tissue and a relatively rapid, passive, nodal or idioven- 
tricular rhythm can easily imitate complete A-Y block. Theoretically, 
we are unable to rule out the possibility in any ease of so-called complete 
A-Y heart block that only partial A-Y block exists, with complete A-Y 
dissociation due to escape of the lower rhythm center. 



Fig-. 5 (Courtesy of Dr. L. N. Katz). — Complete A-V block with retrograde re- 
sponse. 

The third P in Lead I, the sixth P in Leads II and III, and the fifth P in Lead 
CP" represent retrograde P -waves. Tlie tliird P in Lead III, which is intermediate in 
contour between tlie sinus P and the retrograde P, is a fusion beat; it is only slightly 
premature and is due to simultaneous invasion of the auricles by the orthograde im- 
jnilse fron’i above and by the retrograde hniJulse from below'. Note the “ventric- 
ulophasic sinus arrhvthmia of heart block” ; a P-P inteiwal wdiich contains a ventric- 
ular complex is shorter than a P-P interval which does not. 

Time intervals = 0.04 second. 


4. AYheii incomplete block was present, retrograde conduction was con- 
fined to idioventricular impulses ; the onty exception was in a somewhat 
different case (Case 2 of ‘WoKerth and McMillan"), in which reciprocal 
beats occurred in an instance of 2 :1 A-Y block. 

5. Idioventricular rhythm arising below the liifurcation of the common 
bundle was present in all but five cases. However, it is possible that, in 
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*P' = P clue to retrograde I’esponse. 

tThe cases published in 1923 are obviously those mentioned in the monograph in 1928, and are quoted only once. 
JOn different days. 
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some of tliem, intraventrieulai- block was present in addition to A-\ 
Idoeli, in wliieli event a rlijdlim originating a))Ove the bifurcation of the 
bundle would imitate a tertiary origin. 

6. Ectrograde conduction time ranges fj’oin 0.10 to 0,23 second, and 
was less than 0.38 second in nineteen out of the twenty-five eases. Willi 
the sliortest P-P' it may be prolonged to 0.38 second. Thu.s, in tlio ma- 
.jority of eases, V-A conduction is well within normal limits as compared 
with normal A-V conduction. In, mo.st eases of incomplete A-V block, 
retrograde conduction takes place moi’c readily than orthograde conduc- 
tion, as evidenced by a considerably .shorter E-P' than P-E in these ca.sc.s. 
However, it .should be realized that the rolativm speed of orthograde and 
retrograde conduction is not always indicated by the relative lengtli of 
P-E and E-P', for these two intervals do not measure the time reqihi'cd 
by the impulse to cover the same distance. This is particularly true 
when the ventricular pacemaker is in the A-Y node. 

7. The occurrence of retrograde conduction and the duration of R-P' 
depend on the preceding P-E distance. The .shortest P-E (0,32 second) 
which permitted subsequent retrograde conduction was observed in the 
ease of Kline, Conn, and Rosenbaum.''' Thus, the manifastalion of j’ctro- 
grade conductivity in A-V block reqnii'es that the auricular rale he not 
too rapid. The sum of the shortest P-E (0.32 second) and the average 
R-P' (0.18 second) gives a dural ion of 0.50 .second, corre.sponding to a 
rate of 120/minute as about the .shortest P-P distance (fa.stest auricular 
rate) that will permit a retrograde P wave. 'With a P-P distance of 0.49 
second or less, the normal orthograde impulse will i)i‘ecludo the occur- 
rence of an auricular response to a retrograde impulse. 

Table IV shows the main observations in all published cases. It in- 
cludes a ca.se of Dubb.s/'' vdiieh we believe repre.sents another instance ol 
I’etrograde conduction, although the author docs not comment upon this, 
one of Lequime and Sanabida,’-'’ described by them as an instance at com- 
plete block with inde]iendent auricular and ventricular rliAihin, and one 
of Levin e.'^^ 

RETROGRAUE CONDUCTION IN A-V HEOCK 


The obvious relationship between retrograde conduction and the juv- 
eeding auricular pause has been considered by .seveinl authors (Laniel- 
opolu and Hanule.seo'* and others) as a manife.station of I he refraoUny 
period of the auricles. However, no evidence has been ])rcsen1cd for this 
a.ssumption. The I’cfractory peilod of the auricles is known to be shmt, 
and there is no evidence of intj-a-amlculai' block in the majority of such 
cases. Furthermore, in our .second ea.se, .sonie auricular exti'asystoles 
occurred after much shoiler P-P intervals than those which .seem to 
prevent retrograde conduction. The sinoauricular impulses not onh 
stimulate the auricles, but travel down tlu'ough the A-V node and the 
bundle of His until they reach the deprc.ssed region, which Ihey fad f" 
pass. Our second ease demon.strales cleaidy that it is the .state of the 
junctional region of depression or block, and not of ilie auricle, which 
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determines Avhether retrograde transmission will occur or fail. As 
pointed out before, the earliest retrograde response which occurred 
after an upright P (due to a normal or extrasystolic auricular impulse 
Avith positiAm P) Avas preceded bj'- a definitely longer P-R than that of 
the earliest retrograde response AAdiich came after an hiA^erted P (due 
to a retrograde response or supraAmutrieular escape). This obseiwa- 
tion, AAhicli is inexplicable on the basis of the refractory period of the 
auricle, can be readily explained by the mechanism indicated in the 
diagram of Fig. 6. 


Auricles 

Depressed region 
Ventricles 


(A) (B) (C) 

+P P‘ -P P* P' P' 



Pig-. 6. — Case 2. Diagram to illustrate the relation bet-ween the rccoveiT period 
for retrograde conduction and the manifest interauricular period. Time in 1/100 
second. 

Retrograde conduction after (A) orthograde P (4-P). (R) P of a supraventric- 
ular escape (-P), (C) P of retrograde conduction (P')- 

The earliest possible retrograde conduction after an upright P occurs at a P-P' 
■which is much longer than the P'-P' of the earliest retrograde conduction after an 
inverted P. P-P' includes the additional time required both by tlie impulse from 
above to reach the depressed region and by the impulse from below to travel from the 
depressed region to the auricle. 


TiAm conclusions are Avarranted from this analysis: first, that the 
actual refractory period in all cases is shorter than indicated by the 
shortest P-P' interAml, the difference ranging from 0.2 to 0.3 second, as 
can be seen from Table II ; and, second, that the orthograde and retro- 
grade impulses must traA'el for a certain di.stanee along tlie same patliAATiy. 

The paradox of normal retrograde response in cases of high-grade 
auriculoA'^entrieular block has puzzled all observers, and various tlieories 
haA'^e been adAmnced to explain it. Cohn and Fraser" hesitated to as- 
sume that the premature, inverted P AvaAms Avere due to conduction in a 
rcA'^erse direction. The explanation they put foiuvard Avas that the 
auricles Avere mechanically stimulated by the A'-entricular action. Wil- 
son and Robinson,® in 1918, belicAmd that the ventricular beats promote 
the discharge of auricular extrasystoles, and compared this phenome- 
non Avith the peculiar ventriculophasic sinus arrhythmia in A-V block. 
Later investigators discarded the mechanical theory, Avhich is also con- 
sidered unsatisfactory by ParkinsoiP” and Katz.^ In fact, it fails to 
explain some of the principal features of the arrhythmia, e.g., the close 
relation betAveen the preceding auricular pause and the folloAving R-P'. 
The analogy to the sinus arrhythmia of A-V block does not seem to be 
close, for the latter is of common occurrence, whereas inverted P Avaves 
are exceptionally rare, if found at all, in partial block Avithout escaped 
beats. . Furthermore, in seA’-eral eases of the group of A-V block AAUth 
V-A response, a Amhtriculophasic sinus arrhythmia Avas not present. 
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Barker/® on the basis of animal experiments*® in which a sudden 
increase in intraventricular pressure was found to cause a premature 
beat, assumed that ventricular contraction mechanically stimulates some 
focus in the bundle above the supposed lesion, provoking a premature 
beat which is then conducted to the auricles by the normal path. The 
chief objection to Barker’s theoiy, previously also raised by 'W'olferth 
and McMillan,® is that the interval R-P', which measured only 0.10 
second in a case of Cohn and Fraser and 0.11 second in our Case 2, is 
too short to cover Barker’s double mechanism. 

Danielopolu and Danulesco® were the tij'st to suggest retrograde con- 
duction as an explanation for inverted P waves in A-V block. Since 
oj’thograde conduction was completely absent in their eases, they as- 
sumed that retrograde transmission took place by pathways other than 
the bundle of His. Seherf and Shookhoff*’ refer to animal experiments** 
which showed that, under certain cii’cumstances, parts of the conduction 
.system of the frog’s heart may allow orthograde conduction, whereas, in 
other parts, only retrograde conduction is possible. Schramm and 
Korth** .suggest the bundle of Kent as a possible pathway for retrograde 
conduction. Our evidence, we believe, is opposed to this theory, for hot!) 
forward and retrograde impulses appear to use the same path (Fig. 6). 

The heart in one of the ea.ses of Wolferth and Me!Millan® was examined 
histologically, and destmction of about % of the diameter of the bundle 
of His was found. The authors concluded from the localization and 
conical .shape of the lesion that the orthograde impulse had to travel 
through a slightly damaged area before reaching the major obstacle. 
Thu.s, the weakened impulse Avas unable to overcome the latter, whereas 
the retrogi-ade impulse traveled first through the major le.sion in an un- 
attenuated condition and then passed the minor obstacle as well. TJiis 
theoxy of unidirectional block, which is similar to Mines’** explanation of 
unidirectional block as due to asymmetrical decremexxtal conduction in a 
depi’e.ssed region, has found .strong .support in the experiments of A,sh- 
man and Hafkesbi’ing,*^ who succeeded in producing unidirectional block 
by asjTnmetrieal eompi’e.s.sion of a tortoise heai-t muscle strip. Both- 
berger*® calls the explanation of ‘Wolfei’th and Mc^fillan® credible, hut 
hjTxothetieal. 

A thorough histologic examination of the conduction sj'stem was also 
repoi’ted in the ease of Lequime and Sanabria.** Like 'Wolferth and 
[McMillan,® the authors found the lesion near the bifurcation of the 
bundle. In addition, thei’e "was complete intermption of both bundle 
branches which may have occurred after the eleeti’ocardiogi’am wastahen. 

An autopsy was peiTormed in the case illustrated in our Fig. 5, by Lr- 
i\Iaurice Lev and Dr. Otto Saphir at the [Michael Reese Hospital (Chi- 
cago), and we are indebted to them for permlssioji to publish the report 
of the post-moifem examination. 

The heaxl weighed 375 grams. The epicai’dium and endocardium 
smooth and glistening. The endocardium coven'ng the basilar portion ot 
the left ventricular aspect of the muscular ventricular .septum w'as clis- 
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tinctly depressed and grayisli white in color. The vahnilar apparatus 
presented no abnormality. The myocardinm of the left ventricle meas- 
ured 1.1 cm. in thickness. On section it was grayish red, with many 
irregular, graAush-Avhite streaks. The myocardium of the muscular ven- 
tricular septiun beneath the membranous portion, on section, presented 
an irregular, whitish-gray, depressed area, measuring 2.5 cm. in greatest 
dimension. This extended throughout the whole thiclmess of the septum 
in tliis region. The myocardium of the right ventricle measured 0.2 to 
. 0.3 cm. at the pulmonic orifice, 0.2 to 0.3 cm. at the tricuspid orifice, 
and 0 to 0.1 cm. at the left lateral margin. Both the- right and left 
ventricular chambers were dilated. The lining of the coronary arteries 
presented moderate sclerosis, but the lumina were not encroached upon. 
The aorta also showed moderate sclerosis. 

Histologic examination of the myocardium revealed a mild and, in 
areas, moderate, diffuse increase in jmung connective tissue cells. The 
myocardial fibers showed no remarkable changes. The small arteries 
showed some intimal thickening. The subepicardial fat involved the 
myocardium of the right A-entricle. 

Serial sections through the base of the muscular ventricular septum 
revealed the following : The A-V node and all but the most distal part 
of the common bundle showed no changes. At the point of giving off 
of the left bundle branch, the fibers Avere apparently interrupted by a 
large amount of connecth^e tissue. This connective tissue had replaced 
much of the myocardium of the base of the muscular ventricular sep- 
tum, and corresponded to the white area noted grossly. This connec- 
tWe tissue extended to the endocardium of both the right and left A’'en- 
tricles, and numerous comieetive tissue interruptions Avere obvious in 
the upper part of the right and left branch of the bundle. The fibers 
of these branches that remained Avere markedly eosinophilic and granu- 
lar. The arteries shoAA’-ed slight intimal thickening. 

The cardiac diagnosis Avas ; (1) Localized area of fibrosis of the myo- 
cardium of the base of the muscular A’^entricular septum, Avith involAm- 
ment of the distal portion of the bundle of His and both bundle 
branches; (2) moderate fibrosis of the myocardium elscAvhere; (3) 
moderate coronary sclerosis ; and (4) hypertrophy and dilatation of the 
right and left Amiitricles. 

The abnormalities in this case are not unlike those of Wolferth and 
McMillan, and a similar explanation could be applied. HoAVCA'^er, the 
data are still not complete enough to assume that this is the mechanism. 
Retrograde conduction in A-V block may be more frequent than we 
assume, for retrograde conductmty cannot be excluded just because 
no premature, inverted P aa^a^s are recorded in short strips or because 
single observations are made in a case of A-V block. It seems signifi- 
cant that scA^'eral obseiwers, once their attention Avas draAvn to the 
phenomenon of retrograde conduction in A-V block, Avere able to 
find other examples in their material. It is our impression that, on 
sufficiently close observation, a large proportion of cases of incomplete 
and unstable A-V block of arteriosclerotic origin aauU display unim- 
paired retrograde conduction. 

Schramm and Korth^^ raise the possibility that different impulse 
strength might account for differences in orthograde and retrograde 
conduction. HoAvever, the quality of the impulse does not seem to play 
a decishm role, for A’^eiitricular extrasystoles are conducted to the 
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aurieles whh the same ease as klioveni rieulav impulses of tertiary or 
A-V nodal origin'"'”'' (and our Cases 2 and 3). On the other hand, 
auricular extrasystoles and supraventj-icula)- escapes are blocked out in 
the same iray as are sinus impulses (our Case 2). 

Kline, Conn, and KosenbaunC made an ingenious attempt to explain 
the phenomenon by assuming a supernoi-mal recovery phase, as first 
described in eases of incomplete A-V block by Lewis and Master.^'' 
Kline, et al., assumed that stimulation of the auricle promoted a super- 
normal phase of conduction in either direction. This explanation will 
not account for our Case 2. Here, with arrhythmic auricular action, 
oilhogi’ade impulses may be blocked in early auiicular diastole, whereas 
retrograde impulses may be transmitted in late ain-icular diastole.* 
Kisch and Zucker’- point out that the rceovei'y curve constructed in 
their case is not of the type expected v/itli a .supernormal 7 )hase. Like 
Kline, et ah, Fi-oment, iilasson, and Conin''' iniblished a case of .super- 
normal reeoveiy 7)hase, together with another case of retT-ogradc re- 
sponse in A-V block; but the.se authors do not comment upon the po.s- 
sibility of a supernormal recoveiw phase phenomenon in the latter case. 

In summary, neithe?- the mechanical oi- extJ-a.systoJic hypothesis, nor 
the hy])othesis of different pathways for orthograde and i-etrograde 
conduction, nor the assumption of a .supernormal recovery pha.se is able 
to explain the facts in a .satisfactory way. V'e are led to the conclu.sion 
that the same fibers of the specialized museular tissue which are unable 
to conduct oT'thograde impulses are able, at the same time, to conduct 
in revei'se direction. 

This condition, although puzzling, is not without analogy in the pa- 
thology’- of human arrhythmias. Typical examples of A-V di.s.sociation 
with interference (.Molritz’s “Inlerferenz-di-ssozialion”) are due to a 
higher- rhythrnieity of the A-\' node, and A-V' conduction is other-wi.se 
urrdistur-bed. The laws of inter-fcr-errce-di.ssociation carr be applied to 
the arr-hythmia of A-V block with V-A conduction, if the direction of 
conductivity is i-evet-sed. The analogy of the two conditions is shown 
in Table V. Thus, the ar-r hythmia under di.scu.s.sion may he called nifer- 
fcrence-dissodaiion hebreen venlride and auricle. 

IMobitz-' exrdained the retrogr-ade block in his ca.ses by a lack of exerta- 
bility of the aurieles in respoase to retrograde impulses, with V-A corr- 
duc-tion, as .such, unimpaired. A .similar explanation could be put loj-- 
ward for A-V' block with nor-mal V-A conduction. VV'ith noi-mal conduc- 
tivity in either- dir-ection, a lack of response in the ventr-iclcs to nor-rnal 
or-thograde inrpulses would have to be a.ssumed. Although we feel that 
the analogy betweerr VIobitz’.s arrhythmia and that which we ai'C deal- 
ing with is not merely accidental, we cannot accept his e.xidanation, 
which has already been criticized by .Scher-f and ShookhotF' 
Scher-f,"^ among othei-s. 


*On one orcsf-Ion «n 
occurred more than 1,0 
extrusyetoJo. The name 
0.28 second. 


Miovc-ntrio-ular heat v.'hir:h fr-ive rtse to a P 

.‘■■erond after the retroannU; P of a preceding: vontricuiai^ 
record shotvetl retrosrrade conduction after a I’-'-Ii of onij, 
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Table Y 



ixterferexge-bissogiatiox 

(MOBITZ) 

A-V BLOGK WITH PRESERVED 
V-A RESPONSE 

Auricular rate 

Slower than rentricular rate 

Faster than ventricular rate 

A-V conduction 

Normal, failing only after 
short E-P intervals 

Grosslj" impaired or absent 

A^'-A conduction 

Absent 

Normal, failing only after 
short P-E intervals 

Conduction time 

Normal or prolonged, depend- 
ent upon preceding E-P 

Normal or prolonged, depend- 
ent upon preceding P-E 

Tjqie of “ capture.s ’ 

A’^entricular 

.Auricular 

Digitalis 

May induce complete A-A^ 
block 

May induce complete A^-A block 


Discussed in text. 


We must content onrselves tritli tlie statement that orthograde and 
retrograde conductivity are different functions of the conducting sys- 
tem which may be impaired independently in the arrhythmia under 
discussion, as in other eases of ectopic impulse formation, both in man 
and experimental animals. 


SUJIiMARY AND CONCLUSIONS 

1. Three cases are described in which A-V block of various degree and 
stability occurred while conduction of ventricular impulses to the 
auricles was normal. 

a. Case 1 showed unstable, occasionally complete, orthograde A-V 
block of arteriosclerotic origin. Retrograde conduction occurred in late 
auricular diastole only, and was followed by a compensatory pause. 
This proves that the retrograde impulses failed to ]‘eaeh the sinus node. 
Orthograde conduction, when present, was slower than retrograde con- 
duction. Auricular fusion beats were present, resulting from simul- 
taneous orthograde and late retrograde invasion of the auricles. 

b. Case 2, observed over a long period of time, showed complete A-V 
block as a result of arteriosclerosis. Digitalis in average doses pro- 
duced complete retrograde block, followed, later, as the effect of the 
drug subsided, by a lengthened refractory period and a prolonged ret- 
rograde conduction time. The occuri*ence of ventricular extra s.y stoles 
and of A-V nodal escapes permitted a special study of the refractory 
l^eriod for retrograde conduction. Evidence is presented that retrograde 
conduction does not depend on the preceding auricular pause, but upon 
the recovery time of the depressed region within the A-V conducting 
system after the impulse invades it. The actual duration of the refrac- 
tory period of this area is considerably shorter than the shortest inter- 
val (P-P') between a normal P wave and a retrograde one ; it equals 
the shortest P'-P' of two retrograde responses in succession if they 
have the same R-P'. The variations of the refractory period over long 
intervals were inconsiderable. The retrograde impulse, in this case, 
reached the sinoaurieular node, for no fullj'- compensatory pause was 
present. Auricular fusion beats were present, as in Case 1. 
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c. Case 3 showed unstable, sometimes complete, A-V block, with nor- 
mal retrograde response that was confined to ventricular impulses, as 
in Case 1. Intraventricular block was present in addition to A-Y block. 
Orthogi’ade conduction, when present, was slower than retrograde con- 
duction. Yentricular extrasystoles were conducted to the auricles with 
the same ease and with the same R-P' intervals as automatic ventricu- 
lar beats of supraventricular origin. The pause after retrograde con- 
duction was fully compensatory. 

2. The electrocardiograms of two additional patients and that of one 
other patient, with autopsy report, are reproduced. 

3. Nineteen cases of A-Y block with V-A response from the litera- 
ture, some of them hitherto unrecognized as eases of unidirectional 
block, are reviewed. 

4. Retrograde excitation of the auricles gives a definite pattern of 
the I’etrograde P waves. The retrograde P is always im'erled in Lead.s 
TI and III, but may be upright or diphasic in Lead I; frank inversion 
in Lead I was not seen in our own nor in most of the published cases. 
Similarly, as a rule, the retrograde P in Lead I of extra.systoles or 
escaped beats is not inverted. 

5. The different explanations which have been offered for the phe- 
nomenon of premature, inverted P waves in A-Y block are reviewed. 
The assumption of an extrasystolie origin is rejected, a.s well as the 
thesis that A-Y and Y-A conduction pass along different pathways. 
Neither can a supernormal recovery phase be accepted as the explana- 
tion of the condition. 

6. The phenomenon is regarded as a special, but by no means rare, 
tjqie of incomplete heart block, and represents the reverse of Mobitz s 
interference-dissociation. Orthograde and retrograde conduction are 
considered as di.stinet functions of the .special muscular tis.sue; they 
may be impaired separately or together, as shown by clinical obser- 
vation and animal experiment. 

7. The common feature in the three cases in which histologic exami- 
nation of the conduction system was carried out is the absence of sig- 
nificant changes in the A-Y node and upper part of the common bundle, 
whereas marked degenerative changes were present near the bifurca- 
tion of the common bundle, with involvement of the upper portions 
of one or both bundle branehe.s. If this peculiar localization of the 
lesion is re.sponsible for unidirectional block, the arrhythmia de.seribed 
may be of value in localizing the lesion of the A-Y conduction .system 
in cases of high-grade or complete A-Y block'. 
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CARDIOVASCULAR DIRS; AltlCS IN PATIENTS WITH 

angina pectoris 

JIakk D. Altschulu, H.D, 

BoSTOX, j\lAf;.S. 

j^OST p]i 3 ^s-ician.s feel that the liindamental cause of angina pectoris 
i-Vl is, largely or entirely, disease of the coronary arteries, and, ae- 
eordingh% main' studies have been made of the function of the coronary 
arteries and myocardium in x^atients ivith angina pectoris, TJiere are, 
howevei', fe^v phj'siologie data on tlie status of the circulation as a whole 
in this s\nidrome, and it was tlierefore considered desirable to iccord 
measurements of the genei'al cardiovascular djmamics in patients with 
severe angina pectori.s, uneonix^licated by congestive failure, cardiac 
arrhythmia, or vahular disease. 


.WATICRIAL AXD .’HETHODS 

Twenty-two patients with a liistory of angina pectori.s, but with no 
signs or symptoms of congestive failure, cardiac arrhythmia, or valvular 
disease, ■were studied. They i-anged in age fi'om 42 to 65 years*, four 
(Cases 7, 10, 18, and 19) were le.ss than 50 yeais of age, and three (Cases 
16, 17, and 21} were more than 60 yeans old. Six (Cases 2, 3, 5, 8, 12, 
and 15) -ivere -ivomen. 

All measurements v/ere made with the patient in the po-stahsoipti^'c 
.state, under basal conditions, after a rest of one-half Jo one hour; no 
attacks of angina occurred during any of the studies. Two different 
method.s were employed in measuring the cardiac outxnit: the acetylene 
method was used in Cases 1, 2, and 3, and the ethyl iodide method in 
Gases 4, 5, and 6. Studies by means of the acetylene method were made 
with the patient in a semirecumbent position; the basal metabolic rale 
w'as measured in duplicate fir.st, utilizing a Oollin.s-Bencdict-Roth 
.spirometer; calculations were made by means of the Aub-DuBoIs normal 
•slandards. The pulse rate was then counted twice, after which, tv.'o 
measurements of the ai-teriovenous o.xvgen difference "were made accord- 
ing to the technique of Grollman, Friedman, Clark, and Han-i.son.’ The 
minute volume output of the heail w'as calculated from tiic arteriovenous 
oxygen diffei'enee and the o.xygen con.sumx»tion ; the latter was estimated 
from data obtained during the measuj'emcnl of the ba.sal melaholic rate. 
When measuz'ernents were made by means of the ethyl iodide method, the 
technique of Starr and Gamble^ was u.sed, and the oxygen consumption 
and basal metabolic rate were measured by the Tissol method .simul- 
taneously ■with the minute volume output of the heart : the patient was in 
a semireeumhent i>osition. After the cardiac output was estimated by 
either method, the venous pre.ssure was measured with the patient lecuni- 
bent, using the metliod of 3ro3-itz and von Tahoia." after which the circu- 
lation time wa.s measured with .sodium dehydroehohitc/ The vital 

Fiom Uif! Af'idic.'il :intl XJedirial B'-tii If-rri'i! H‘/“' 

pHal. and tlie D';partin',-nt of iledicino, Karvarfl 3I'5dic;iI ScZiooI. Jiof^ton. 
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capacity was tlieii measured with a spirometer. Arterial pressure was 
estimated from time to time, using a mercury manometer with the 
standard cuff. 

CASE REPORTS 

Case 1. — A 53-year-old retired storekeeper had a history of sub.sternal 
squeezing pain lieginning sixteen years jireviously. At first the pain 
occurred only occasionally, but its frequency increased, particularly in 
the preceding two years, so that, at the time of the present study, walking 
100 yards regularly brought it on. It also occurred occasionally when 
the patient Avas at rest, and sometimes it awoke him from sleep. Initially 
the pain radiated to both arms, but, following myocardial infarction, 
ten months previous to this study, the radiation extended down the trunk 
to the legs and up into the jaws. The pain Avas often associated Avith 
a choking sensation, dizziness, and palpitation. There Avas no history of 
congestiA'e failure. 

Pinisical examinafion Avas negative except for moderate obesity, gen- 
eralized arteriosclerosis, some increase in the anteroiiosterior diameter of 
the chest, occasional coarse crackles at the lung bases, and moderate 
cardiac enlargement. The blood pressure Avas 115/85. 

Luhoraiory Studies. — The urine Avas negative, AA'ith a maximal specific 
gravity of 1.028. The erythrocyte count Avas 5,300,000, Avith a hemo- 
globin of SO per cent. The leucocyte count Avas 9,100, Avith a normal 
smear and differential count. The fasting blood sugar Avas 99, non- 
protein nitrogen 33, and cholesterol 297, mg. per cent. The stool Avas 
normal. The blood Hinton and Kahn reactions Avere negative. Electro- 
cardiogram shoAved normal rhythm, rate 100, left axis deviation, P-R 
interval 0.20 second, notched, AAudened, and slurred QRS Avaves, promi- 
nent Q 2 Qs) depressed S-T. Roentgenograms of the heart 
shoAved a transverse diameter of 17.3 cm.; the chest Avas 30.9 cm. in 
diameter; the left ventricle Avas prominent. The basal metabolic rate 
Avas -15 per cent. 

Case 2. — A 57-year-old liouseAvife had a history of hypertension; this 
Avas discovered tAventy years preAdously, Avhen she sought medical advice 
because of headaches and dizziness. The past history also revealed 
gaseous distension for years, and nocturia for tAvo years. Pour years 
before the present study, she had an attack of severe, persistent, 
prostrating precordial pain, radiating to the back, left shoulder, and left 
hand, and requiring morphine. Another similar attack occurred a month 
later, this time Avith the development of dyspnea and rales in the chest, 
both of AAdiieh Avere only transitory. A third severe attack, folloAved 
by transitory pericarditis and paroxysmal auricular fibrillation, occurred 
three years before the present .study, and Avas folloAved by ten months of 
bed rest because of ten to tAvelve daily, mild attacks of pain in the pre- 
cordium, neck, jaAAq ear, left shoulder, and left arm. These decreased in 
frequency after that time to three to five a Aveek, at AAdiich level they 
remained. A year before the present studAq palpitation began to occur 
Avith the pain. Six months later an attack of fever, Avith cough and 
Imifelike iileuritic pain, occurred, and left her Avith a slight cough. Tavo 
months before the present study, .. the fourth severe attack of precordial 
pain was noted. There AA'as no history of congestive failure. 

Physical examination A\^as iiegatiA^e except for moderate cardiac en- 
largement, generalized arteriosclero.sis, an apical systolic murmur, a few 
coarse craclding rales, and a snapping aortic second sound. The blood 
pressure Avas 160/90. 
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Laboratory Studies . — The urine showed a maximal specific gravity of 
1.032. j\Iild glycosuria was present, but the urine was otlierwise normal. 
The eiythrocyte count was 5,400,000, with a hemoglobin of 80 per cent. 
The leucocyte count was 8,600, with a normal .smear and differential 
count. The stool was normal. The blood nonprotein nitrogen , was 19, 
and the fasting blood sugar ranged between 161 and 292, mg. per cent. 
The blood Kahn and Hinton reactions were negative. Electrocardio- 
gram revealed normal rhythm, rate 85, left axis deviation, prominent Qj, 
deep § 2 , and flat Tj^, Roentgenogram of the heart revealed a transverse 
diameter of 14.5 cm.; the chest was 24.2 cm. in diameter; tlie left ven- 
tricle was prominent. The basal metabolic rate was -3 per cent. 

Case 3. — A 57-year-old housewife had a family history of hyper- 
tension, a past history of nocturia for years, hypertension of seven 
years’ Icnown duration, and a cholecystectomy two years before the 
present study. Six ^mais previously she first noted the onset of a 
squeezing precordial pain, associated ivith a choking sensation, and 
radiating into the left upper aim, which was brought on by exeilion, 
excitement, or exposure to cold, and was relieved by rest and nitro- 
glycerin. These attacks greatly curtailed lier activity. Six montlis be- 
fore this study she had a severe, prolonged attack, requiring moiphinc. 
Following this, the mild attacks became more frequent, extended over tlie 
entire chest, and radiated down both arms. There was no history of con- 
gestive failure. 

Physical examimiion was negative except for generalized arterio- 
sclerosis, slight cardiac enlargement, a basal systolic murmur, and a 
healed right upper quadrant sear. The blood pressure was 160/100, 

Laboratory Studies . — The urine was negative, and showed a maximal 
specific gravity of 1.032. The erythrocyte count was 4,500,000, with a 
hemoglobin of 80 per cent. The leucocide count was 9,000, with a normal 
smear and differential count. The stool was normal. The fasting blood 
sugar was 82, the nonprotein nitrogen 35, and the cholesterol 260, mg, per 
cent. The blood Hinton and Kahn reactions were negative. Electro- 
cardiogram showed normal rhythm, rate 70, left axis deviation, depressed 
S-Tj, 2 , 4 , elevated S-Tg, inverted Tg, and inverted P 3 . Roentgenogram 
of the heart revealed a transverse diameter of 13.8 cm,; the chest 
measured 27.8; the left ventricle was prominent and, on fluoroscopy, 
showed evidence of infarction; the aorta was somewhat calcified. The 
basal metabolic rate was -11 per cent. 

Case 4. — 59-year-old tailor had had nocturia for several years. 
Five years before the present study, he first noted the appeaiunce of a 
burning sensation above the left elbow, not associated with anything at 
all; this disappeared after six months. Six months later it recurred, this 
time associated with a similar pain in the left upper arm and a squeezing 
sensation in the chest and upper abdomen, all brought on by walking 
100 yards. The pains were more frequent in wintei’, but avei'agea 
about ten a day through the year. Six months before the present study, 
the pain became more frequent and severe, so that dressing, eating, and 
mowng about in bed brought it on; it was commonly a.ssoeiatcd with 
a feeling of .shortness of breath when precipitated by' more prolonged 
e.xertion. He used 2,200 nitroglycerin tablets during this six-month 
period. In addition, in the three and one-half .vears preceding the 
present study, he had noted pain in the calves, vdiich was woi’sc in 
wnter, brought on by' walking and relieved by standing .still. 
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Physical exainination was negative except for moderate obesity, 
arteriosclerosis, an increase in the anteroposterior diameter of the chest, 
slightly prolonged expiration, an apical systolic murmur, moderately cold 
and cyanotic feet, and poor arterial pulsations in the feet. The blood 
pressure was 150/100. 

Laboratory Studies. — The urine was negative, and showed a maximal 
specific gravity of 1.030. The erjTlirocyte count was 4,850,000, wdth a 
hemoglobin of 75 per cent. The leucocyte coimt was 8,000 with a normal 
smear and differential count. The stool was normal. The fasting blood 
sugar was 93, and the nonprotein nitrogen was 34, mg. per cent. The 
blood Hinton and Kahn reactions were negative. Electrocardiogram re- 
vealed normal rhythm, rate 75, left axis deviation, depressed S-T^, in- 
verted Ti, and deep So. Koentgenogram of the heart showed a trans- 
verse diameter of 14,7 cm.; the chest measured 30.0 cm.; the left ven- 
tricle was prominent and the aorta tortuous. The basal metabolic rate 
was -4 per cent. 

Case 5. — A 56-year-old housewife, whose father died of heart disease 
and one of whose sisters had h^^jertension, liad a history of frequent 
sore throats in childhood, masloidectomj’- at 20 y cal’s of age, hysterectomj’’ 
at 44 3 ''ears of age, intolerance of fatty foods for j’-ears, and pains in the 
large joints for eight years. Four years before the present study, she 
was troubled with nosebleeds and frontal headaches and was found to 
have hypertension. A short time later she began to experience a sense 
of painful pressure in the precordium, spreading to the left shoulder and 
arm, and occasionally to the scapula, precipitated by a walk of 250 to 
300 yards, or by climbing up a flight of stairs. It was worse in cold 
weather, associated with a feeling of inability to catch her breath, lasting 
a few minutes, and followed after its disappearance by soreness over the 
precordium. Although her activities were considerably limited, she was 
able to do her housework. There was no history of congestive failure. 

Physical examination was negative except for moderate obesity, 
arteriosclerosis, slight enlargement of the heart, and Heberden’s nodes. 
The blood pressure was 150/90. 

Laboratory Studies. — The urine showed a maximal specific gravity of 
1.018; albumin and sugar were not detected, but occasional erjdhrocytes 
and leucocytes were noted in the sediment. The erjdhrocyte count was 
4,750,000, with a hemoglobin of 80 per cent. The leucocyte count was 
7,800, with a noimal smear and differential count. The stool was nor- 
mal. The fasting blood sugar was 125, the nonprotein nitrogen, 39, and 
the cholesterol 297, mg. per cent. The blood Hinton and Kahn reactions 
were negative. Electrocardiogi’am showed normal rhythm, rate 70, left 
axis delation, deep S^, and notched QES,. Roentgenogram of the heart 
showed a transverse diameter of 13.8 cm. ; the chest measured 27.7 cm. ; 
the left ventricle was promiuent. Graham test showed poor filling of the 
gall bladder. The basal metabolic rate was -2 per cent. 

Case 6. — A 56-year-old unemployed man, one of whose broth eis had 
heart disease, had a histoiy of gonorrhea forty years pretyously, and had 
been partly deaf for some years. Seven years before the present study, he 
suddenly experienced a tearing sensation to the left of the sternum. Since 
then a similar pain came on -with exertion, excitement, or eating ; later, it 
radiated to the left scapula and down the arm to the wrist, and was 
associated with a choldng sensation. The frequency of his attacks re- 
quired that he take 20 to 30 nitroglycerin tablets daily ; he was bedridden 
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most of tlie lime. Tlio frequency of his attacks diminished two years 
before this study to about fifteen per day, requiring ]00 nitroglycerin 
tablets weekly, and he was able to leave the liouse from time to time. He 
had occasional at tacks of pain while at rest oj* asleep. One yea)' before 
the study, a left-sided paravertebral alcohol injection fi-om JX to was 
done; some of the thoracic manifestations of angina disappeared, but 
the number of attacks was not changed. After this pj'ocedure, he 
developed se\mre neuritis over the chest, and a few basal rfiles wei-e 
noted. There was no histoiy of eongc.stive failure. 

Physical examinaiion was negative except foi- modei'ate obesity, 
generalized arteriosclerosis, an increase in the anteropostei-ior diametei' 
of the cliest, and a few basal J-ale.s. The blood pi'essui'c was 140/85. 

Lahoratorij Shidies . — The urine was negative, and showed a maximal 
.specific gravity of 1.030, The erythrocyte count was 4,9-50,000, with a 
hemoglobin of 80 per cent. The leueoej'te count was 8,100, with a nor- 
mal smear a7id differential count. The stool was normal. The fa.sting 
blood sugar was 109, the nonprotein niti-ogen, 32, and the choleslei'ol 328, 
mg, per cent. The blood JTi7iton te.st was negative a77d the Kahn test was 
doubtful. Eleetroea7.'diog7’a7n showed nmanal 7'hythm, rate 75, left axis 
'deviation, deep S„, and invo-ted, monophasie QlbS,,. llocntgenof'rnm of 
the heart .showed a t7'a77svc7’se dia777eter of 15.2 cm.; the chest measiU'C'd 
31.8 cm. The basal 777clabolic 7'ate was -22 pm- emit. 
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14 

5.0 

3400 

100/100 

0 

W 






17 


3.700 

190/100 

-T 

20 



— - 


10 


2850 

140/SO 

fj 

21 






10 

7.2 

3 S .70 

180/00 

0 

22 

— 

— 

— 

21 

3.4 

4100 

100/110 



on.srcRVATiox.^ 

The cardiac i7jdex was within the no7'ina} I'anjrfd of 2.2 ± 0.3 litei-s/ 
minute/square meter of body surface in five of six instances; the ap- 
parently low value in Case 6 was a.ssociatcd with a basal metabolic Tule 
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of -22 per cent. The arteriovenous oxygen difference was within normal 
limits in every case. 

Values for circulation time were within the normal range of 12 to 19 
seconds in all hut five patients ( Cases 1, 6, 9, 14, and 22) . Three of these 
(Cases 1, 6, and 14) had basal metabolic rates at or below -15 per cent, 
and a fourth (Case 9) had polyejdhemia vera. 

Normal values for venous pressure were found in all patients. 

The arterial blood pressure was at or above 150/90 in about half 
the cases. In most instances the elevations in blood pressure were slight. 

A decrease in vital capacity, usually slight, was found in all instances 
but one (Case 22). 


DISCUSSION 

In 1935, Starr and Gamlile,'’ summarizing their .studies with the ethjd 
iodide method, stated that tlie cardiac output was normal in patients 
with angina pectoris. Later, Bazett, et al.,“ using a method based on 
pulse wave velocity, reported a normal cardiac output in one patient 
(Case 9 of their series) with uncomplicated angina pectoris. The results 
of the present study are in accord with these earlier observations: the 
volume and velocity of tlie circulation are normal. Somewhat slowed 
circulation times, associated with low metabolic rates, were found in 
three patients of the present study, including one whose cardiac index 
was also slightly decreased. Another iiatient with somewhat slowed 
velocity of blood fiow had polycythemia vera. It is concluded that the 
slight slowing of blood fio-w seen in a few instances was due to metabolic 
or other noncardiac factors, Bernstein and Simkins^® also observed 
that angina pectoris does not affect the circulation time. The low vital 
capacities of most of our patients are to be ascribed to age, obesity, and 
a. short, stocl^>^ build, rather than to pulmonary congestion, for no signs 
or syinjitoms suggestive of the latter were detectable. The only common 
abnormality in cardiovascular dynamics was a slightly elevated arterial 
blood pressure in half of the patients; a similar incidence of hyperten- 
sion has been reported by other authors.® 

It is difficult to reconcile the observations on cardiac output and circu- 
lation time described in the past by other authors, as well as those re- 
ported here, with the recently published results of Starr and Wood.® 
These authors, using the ballistoeardiograph to estimate cardiac output, 
found normal values in only five patients with angina pectoris, and low 
values in nineteen, including fifteen whose cardiac output was 30 to 60 
per cent below normal. Four of the latter group developed congestive 
failure while under observation, but no such complicating factor was 
present in the others. Accordingly, other explanations must be invoked 
to explain the markedly subnormal cardiac output in these patients. 
One criticism of studies of the minute volume output of the heart by 
means of the ballistoeardiograph is that thej’’ afford no information on 
the relation of the volume of the cardiac output to the metabolic require- 
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merits of the body. The utility of exi>re.ssing cardiac output in terms of 
oxygen consumption Avas recognized by CAmn the earlie.s't authors.’®'^* 
Later Avorkers liaA'^e also emphasized the parallelism betAAmen metabolism 
and circulation, Grollman,’^ by relating the latter to .surface area, and 
Starr, et al.,^^ by again pointing out its relation to oxygen eon.s-umption. 
It is clear, therefore, that the value of data on cardiac output is im- 
paii’ed bj^ the absence of corresponding data on metaboli.sra; this is 
especially true in patients Avith angina pectori.s, since many of them haAT 
loAv metabolic rates.® The Asmight of the CAddence appears to favor the 
conclusion that, except for arterial hA7)erten.sion in many, the general 
circulation is normal in relation to metabolic requirements at rest and 
in the absence of anginal pain in patients Avith angina pectoris. It is 
apparent, therefore, that studies of this .sort afford no explanation as to 
the mechanism of the occurrence of angina. 

The anatomic eau.se of angina pectori.s, namely, disca.se of the coronaiy 
arteries or their ostia, has been clearty defined.’^ In cAmiyday life, at- 
tacks of angina pectoris commonly occur at times AA-hen the cardiac out- 
put is increased, i.e., during exertion or emotional up.sets, or after heavy 
meals. Starr, Donal, and Collins’^ found that the cardiac output AA'as 
increased in tAA’o patients during attacks of angina Avhieh aa'ctc pre- 
cipitated by emotion in one, and by the injection of epinephrine in the 
other. Both the former’^' and the latter’'**” factors haA'e been shoAATi to 
increase cardiac output. It is not A'alid, hoAA'cver, to conclude that at- 
tacks of angina pectoris are in cA-eiy in.stance a.ssociated Avith increased 
cai'diae output. Bor instance, sympathomimetic amine.s, such as pare- 
drine, AAdiieh elcA’ate blood pressnre but do not increa.se cardiac 
output,*” may cause anginal pain in patients Avith a history of angina 
pectoris.^’ It is clear from the formula of EA'ans and Matsuoka,^^ W = 

OP -i — ~ — , that an increase either in cardiac output or in blood pres- 
sure increases the AA'ork of the heart, and accordingly it may be concluded 
that the occurrence of angina pectoris is usually related to increased 
cardiac Avork, On the other hand, angina may occur Avhen the AA’ork of 
the heart is not inerea.sed, i.e., during expo.sure to .somcAA'hat reduced 
atmospheric oxA’-gen tensions,^’ or CA'en aaLcu cardiac AAmrk is actually 
decreased, i.e., in cardiac ari'hytlimias AA'ith marked tachycardia."' 
The factor re.sponsible for angina in these situations appears to he 
myocardial anoxia, consequent, in the one, to inadequate oxygenation 
of arterial blood, and in the other, to inadequate tloAA' through the 
coronarA' tree AA-liich I’asults fi’om .shortening of dia.stole. A A'alid general- 
ization based on physiologic data is a re<iffirrnation of the clinical con- 

•AA’ — Work. 

O — Output pt-r mlnul<i. 

p — Mean hloorj prc.s.=urc. 

V,' — AVeie’ht of blood. 

A* — A'elocity of bloofi 3n aorta. 

g — Gravitational con.^tanf. 
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cept that factors which increase cardiac work or decrease . myocardial 
ox 3 ^geuation lead to angina in patients with disease of the coronaiy 
arteries or their ostia, although reflex mechanisms are also of importance 
in manj' patients.^® 

SUJIMARY AND CONCLUSIONS 

1. Studies of the circulation were made on twenty-two patients with 
a histoiy of angina pectoris, Init Avith no signs or sAGuptoms of congestiA’C 
failure, cardiac arrlij’-thmia, or Amlvular disease. 

2. The cardiac output and circulation tune AA^ere normal in relation 
to the metabolic requirements. When sloAvmg of the circulation oc- 
curred, it Avas because of noncardiac factors. 

3. The A^enous pressure AA^as normal in all instances. 

4. The onlj’- common abnormalitj’^ of cardioAmscular djuiamics AA’as 
arterial lyqDertension. 

5. The relation of aA^ailable phj^siologie studies of the circulation to 
the occurrence of attacks of angina is discussed; it is concluded that a 
valid generalization based on physiologic data is a reaffirmation of the 
clinical concept that factors Avhieh increase cardiac AA'ork or decrease 
mjmeardial oxygenation lead to angina in patients Avith disease of the 
coronaiy arteries or their ostia, although reflex mechanisms are also of 
importance in many patients. 
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CRITICAL EVALUATION OP CARDIAC MENSURATION IN 
THE TREATMENT OP ADDISON’S DISEASE WITH 
DBSOXYCORTICOSTBRONE ACETATE 

Thomas Hodge McGavack, M.D. 

New York, N. Y. 

T he reciprocal activitj’- of sodium and desoxycorticosterone acetate 
in maintaining the patient with Addison’s disease has been previ- 
ously demonstrated, according to the equation Na x D =k, where Na 
represents the daily ingestion of sodium in grams, D, the daily require- 
ment of desoxycorticosterone acetate in milligrams, and k, a constant 
for which, in eight patients, values between 30 and 45 have proved 
satisfaetoryd"^ In all of these studies, cardiac mensuration has been 
used as an index of the degree of sufficiency of the treatment, and it 
has been found that, within limits, the size of certain cardiac measure- 
ments, notably the eardiothoraeie ratio, frontal cardiac area, and total 
cardiac volume, vary directly with the condition of the patient. In 
other Avords, as the patient improves, a concomitant increase occurs 
in the proportions of the abnormally small heart associated with un- 
treated Addison’s disease. This point is Avell illustrated in Pig. 1, in « 
which it is shoAvn that the cardiac measurements varied directly as 
the product of the amount of sodium and desoxycorticosterone acetate 
ingested, and the degree to which this particular patient was symp- 
tomatically controlled. Such significant observations have been dupli- 
cated to a greater or lesser degree in all of our cases. 

It is our present purpose to emphasize the limitations of cardiac 
mensuration as a guide to the amount of desoxycorticosterone acetate 
and sodium Avhich should be administered to any patient with Addison’s 
disease at a gwen time. 

Some 200 observations of cardiac size in thirteen patients with Ad- 
dison’s disease served as a basis for the study. Eight of these patients 
have been seen in crisis, and followed under treatment Avith desoxy- 
corticosterone acetate and measured amounts of sodium for periods 
A-arying from tAventy Aveeks to four years. 

As in previous Avork, the eardiothoraeie ratio, the frontal cardiac 
area (sq. cm.), and the heart Aulnme (c.c./M- body surface) haA^e been 
taken as indices, and aA^eraged Amines haAm been obtained for the thir- 
teen patients as folloAAm: in crisis, 0.35, 84, and 314, respeetwely; in 
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states of insufficiency, 0.39, 96, and 390, respectively; and in the ade- 
quately treated patient, 0.46, 122, and 480, respectively. 

The cardiothoracic ratio, the frontal cardiac area, the cardiac vol- 
ume, and the .'body surface area have been estimated by methods pi'e- 
viously described.^ . , 

Criteria for the recognition of states of crisis, insufficiency, sta))ili- 
zation, and overtreatment have been fully given elsewhere.^’ ® 

The ability of desoxyeortieosterone acetate and sodium to alter car- 
diac size in a quantitative manner has definite limitations in actual 
practice : 

1. There are faults inherent in the methods of mensuration neees- 
sarilj^ employed in vivo. The technique of taking roentgenograms must 
be as nearly uniform as possible. In the present series of cases wc 
have discarded more than seventy films as being unfit for comparison, 
for this reason alone. Moreover, difficulty is encountered in actively 
delineating the frontal cardiac area, in ascertaining the actual geo- 
metric configuration of the heart, and so forth. These problems have 
already been discussed in greater detail.^’ ^ 



Cardiac Volume /M z Body Surface 


I'is. 1. — Effect of varied products of Na X D on licart size in relation to control of 

Addison’s disease. 


2. jMeasuremenls of the heart vary widely from penson to per.son, 
so that no yardstick covering all eases can be made. For e.xample, 
composite measurements of two patients are contrasted in Table I. 

It apiiears inevitable that each patient must serve as his own control. 
If such a plan is followed, the percenlual changes upward or down- 
ward in subsequent measurements have been found to corre.spond 
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Table I 


PATIENT ■ 

_ C. T. R. j 

E. C. A. 

HEART VOL./M2 
BODY SURFACE 

Crisis or Impending Crisis 

K. K. 

0.26 

66 

236 

M. G. 

0.31 

79 

282 


Insufficiency 


K.K. 

0.35 

So 

299 

M. 0. 

0.39 

96 

367 


Stabilization 


K.lv. 

0.42 

119 

426 

AC. G. 

0.47 

125 

461 


rouglily Mdtli the clinical condition of the patient and the degree to 
which the disease is controlled by sodium and desoxyeorticosterone 
acetate. 

3. When crisis is adequately treated with salt or with salt and des- 
oxyeorticosterone acetate, the size of the heart will increase . rapidly 
until blood volume is restored. This maj’’ be accomplished entirely by 
the use of salt, provided a sufficient amount and concentration are 
given. Apparently the reduced blood volume is partly responsible for 
the small heart of Addison’s disease, as demonstrated earlier.^’ * 

4. Immediately after crisis has been controlled, products of sodium 
and desoxyeorticosterone acetate much beyond 45 may be, and have 
been, used for considerable periods of time without producing an en-. 
largement of the heart to critical proportions. The data in Table II 
are illustrative. 

Table II 


Variations in Eesponse to Hori^ione in, and Immediately Following, Crisis, as 

Belated to CARDioTnoRAcic Batio 


PATIENT 1 

1 

1 DAILY INTAKE OF 

PRODUCT 

NUJIBER OF 

1 C.T.R. 

1 NA (GM.) 

jDGA. (MG.)I 

DAYS USED 

BEFORE 1 

AFTER 

E.AI. 

11.0 

10 

110 

14 

0.33 

0.45 

J.P. 

3.0 

15 

45 

21 

0.38 



3.0 

20 

60 

7 

0.39 



3.0 

25 

75 

17 

0.45 


H. L. 

10.7 

10 

107 

9 

0.46 


H. L. 

2.5 

25 

63 

19 

0.40 

0.52 

K. G. 

3.0 

15 

45 

14 

0.34 



3.0 

20 

60 

7 

0.35 

0.37 


3.0 

25 

75 

7 

0.37 


j\l. C. 

4.5 

15 

68 

12 

0.31 



4.5 

15 

68 

7 

0.36 



3.1 

25 

75 

4 

0.36 



It will be noted that products of Na and D .varying from 60 to 110 
have been used for intervals of four to twenty-one days without caus- 
ing cardiac failure. The exception to this statement is Patient H. L., 
w’-ho received 10.7 Gm. of sodium and 10 mg. of desoxyeorticosterone 
acetate daily for nine days, at the end of wffiich time she developed 
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widespi-ead peripheral edema and congestive cardiac failure with pul- 
monary edema. The gi-cat variation in re.spon.se of the iiiflividual 
patient i.s .still further reflected in the eai'diothoracic r<atio.s, which, in 
one in.stance (M.C.), remained .stationary over a .seven-day period on 
a .sodium-desoxyeortieo.sterone acetate product of 68. The.se differ- 
ence.s in reaction cannot be altrilmted entirely to variation.s in the 
clinical condition of the patients, at least in so far as we ai'c able to 
measure it. For the present, it seems to be important to emphasize 
the variation and to utilize increasing heart size in the individual ease 
as an end point in a.scer(aining when and to what extent the do.sage of 
drug and the allowance of sodium shall be changed. 



2A. — J, F. Pationt In crifjM, Xoto the relatively large carUlac measnrent'.nt^ 
' nH fcompaix;d with Fij;. 2/J. 

5. In two patienls fj. F. and Jv. AL), the caJ-diac measurements have 
remained well within the noJ’mal range of values de.spite the onset of 
toxic .symptoms, notably hypertension. In one of these two, veiy 
slight, tran-sient, pretibial edema also occurred. In both instances the 
patients had been controlled and maintained at a .sodium'de.soxycor- 
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TjVBLE III 


Hypertension Occurring Without He^vrt Failure or Increase in Cardiac Size 


PATIENT 

STA- 
BILIZED 
, WEEKS 

DAILY INTAKE OF 

PRODUCT 

C.T.R.* 

1 

B.P. 

NA (GH.) 

DCA. (MG.) 

J. F. 

18 

3 

15.0 St 

45 

0.48 

116/72 


38 

5-7 

4.8 Ft 

75-105 

0.49 

210/110 

E.M. 

36 

6 

2.5 Pt 

45 

0.42 

120/74 


90 

1.5 

30.0 St 

45 

0.42 

170/120 


*C.T.R. = Cardiothoiacic ratio. 

tS = Oily suspension for intramuscular injection. 

$P = Pellet of crystalline material for subcutaneous implantation. 



Fig-. 2B. — ^TC. IC Patient in crisis. Heart volunie/AP, body surface 236 c.c. Note 
contrast in the size of the hearts of the two patients illustrated, despite the same 
state of adrenal insufliciency. 

ticosterone acetate level of 45 for relatively long periods of time: 
E. M. for 80 weeks and J. F. for 18 weeks (see Table III). In the 
eigbtietli week of treatnient, E. M. was found to have changed his 
dietary slightly; he was ingesting approximately 3.75 Gm. of sodium 
instead of the prescribed 3 Gm. At the same time, he was receiving 
by absorption from implanted pellets of desoxycortieosterone acetate 
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the equivalent of 15 mg, daily of the dr-ug by injection in .se.same oil.® 
Ina.sraucli as he felt well and his eardiothoracic 7-atio had been long 
.stabilized at approximately 0.42, he wa.s allowed to continue thi.s regime. 
Ten weeks later the blood pre.ssure had risen to hypertensive levels, 
as noted in Table III, but the heart failed to .show any eiddenee of 
further enlargement at this time. In the case of J. F., language diffi- 
culties were apparently responsible for his adding large quantitie.s of 
salt to his food and not using the diet prescribed. He was not seen 
between the eighteenth and thirty-eighth Aveeks, during Avhich time he 
dieted as he pleased and received, by absorption from implanted pellets, 
the equivalent of 15 mg. of desoxyeoilicosterone acetate daily by in- 
jection. From calculation of a week’s menus and the rough estimation 
of salt intake, it is believed that he consumed betAveen 5 and 7 Oin. of 
sodium daily, at least for the latter part of this period. The hypertension 
(210/110) was not reflected in any appreciable increase in the cardiac 
measurements oA'cr the period of time during Avhieh it exi.sted. Four 
days after the sodium intake Aims regulated by u.sing the previously 
prescribed 3 Gm. daily, the blood pre.ssure fell to 120/82, 

It is of special interest to note that this high product of sodium and 
desoxyeorticosterone acetate (about 85) for a considerable period of 
time did not cause cardiac failure, AA'hereas, in the earlier treatment 
of this patient, immediately after the relief of C2'isis, a ratio of 75 (3 
Gm. of sodium and 25 mg. of de.soxycortico.sterone acetate) caused 
acute pulmonary edema and dilatation of the heart after daily use for 
tAvo and a half Aveeks. 

These observations lead us to the conclusion that overdosage in the 
Avell-eontrolled patient Avill not be detected earlj' by increasing heart 
size, but is more likely to produce the syndrome of hypertension, Avith 
or Avdthout othe7' concomitant phenomena, such as peripheral edema, 
Aveakne.s.s, or altered kidney function. 


SUMMARY AND CONCUTJSIONS 

1. The changing size of the heai-t can be used AAuthin definite Hraits 
as an index of the i-espective amounts of sodium and desoxycortieos- 
terone acetate that can be emplo,yed .safely i 7 i the treatment of .Addison s 
disease. 

2. In general, cardiac measui'ernents can be maintained A’/Itbin noi- 
mal limits by a product of sodium in gi-aius and desoxyeortieosterone 
acetate in 7nn]ig;'a77is of 30 to 45; the actual figure is very constant for 
any indiA'idual patient. 

3. In utilizing this rale, indiA'idual A'aT'iations in cai’diac size and 
errors inherent in the technical pi-ocedures for cariying out cardiac 
mensuration must he considered. 

“for this anil kII thr: other potlonU. flet'oxycorUcoKtororie acotalo In soMtnt oil for 
Injt-ction .'infl an storllo comprannr;/! UibleO* for implantation v,-,a.« fornif;h»?'I <>>' ty.-. 
Max Glibort, of tho Schaiing- Corf.oraUon, -A'hofta courtosy 1» herawlth toaUfino 
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4. This rule is not applicable to (a) patients in crisis and for short 
periods after the control of crisis; at such times, larger products of 
sodium and desoxycorticosterone may be used with relatively small 
upward alterations in the cardiac silhouette; (b) patients under con- 
trol for long periods of time who inadvertently or purposely utilize 
more than the prescribed amount of either sodium or desoxycorticos- 
terone acetate, or both, despite which the cardiac measurements may 
remain well within normal limits, while hypertension or other toxic 
symptoms appear. 
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PRODUCTION OF NEPHROSCLERO.SIS AND CARDIAC 
HYPERTROPHY IN THE rIt BY DESOXYCOR- 
TICOSTERONE ACETATE OVERDOSAGE 

Haxs Selye, M.D., Ph.D, ]).Sa, and C. E. Hale, H.ScA 
IVIOXTREAL, CaXADA 

CO^H^ time ago it was founrP that testosterone and oilier testoid 
compounds inei-ease the size of the renal tubules and induce h\T>ei-- 
trophy of the cells lining the parietal lamina of Bov, 'man’s capsule. 
Kidneys thus stimulated bj' te.sto.sterone are not only moi-phologically, 
but even functionally, above normal, inasmuch as they exhibit an in- 
creased resistance against the damaging effect of .sublimate^'’ " or ure- 
teral ob-straetion.^ The literature concerning this .so-called '‘renotropic” 
action of the steroids has recently been reviewed,'-'’ and hence will 
not be considered here in detail. Suffice it to say that, although there 
IS 710 complete intei-dependence between the renotropie and the te.stoid 
action of steroids, generally .speaking, the two tend to run parallel. 

A .short time ago it was found that de.soxycortieo.sterone acetate 
(DCA.) eaiLSes tj^iical nephi-oselei’o.si.s, accompanied by eai-diac hyper- 
ti’ophy and other signs of hj'pertension, in young chicks.' This nepln-o- 
scIcTosis is especially I'eadily obtained in chicks which receive cornpai- 
a^i^eh high doses of sodium chloi-ide in their drinking watei’.^ Hani- 
raals. on the other hand, pi-oA'cd paiticuhnly i-esistant to this effect. 

0 eiate degi-ees of nephiusclerosis were pi’oduced in one expei’imental 
•senes in the dog. monke.v, and i-at, and hei'c again sodium chloride 
appeals to ha\e played some part in the production of the condition, 
ni" t le animals received vaiying amounts of sodium chloi-ide during 
cei ain pciiods of the de.soxycortieo.sterone acetate treatment.'’ This 
nep nose ei otic effect has not as yet been obtained with te.sto.sterone 
or aiij- other testoid compound. It appears to depend upon the cor- 
leoif action of .steroid.s, and, up to the pi’e.sent, has been detected only 
in eso-x-i cortieostei-one acetate, progesterone, and acetox^'pi’egnenolonc, 

V o.se nephroselerosi.s-produeing effect, as well as their corticoid po- 
tenc}, f eei eases in the order in which the\’' are here mentioned. In 
^ e great clinical impoi tance of nephro.scloro.si.s and hi'pertcn- 
•sne eait disease, it appeared v.'oi-lh while to develop an experimental 
ec niqiie v. hich vould reliably produce .such changes in mammals by 
overdosing them with adrenal cortical eompound.s. The obieef of the 
pre^t communication is to report on such additional experhnenis, 

Freuj the rj*.-r.rtrtment of Anatomy, SlcOill VnSvoryity. 
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which revealed that marked cardiac hypertrophy and nephrosclerosis 
are readily produced in the rat by a suitable combination of desoxy- 
cortieosterone acetate and sodium chloride overdosage. 


EXPERIIIENTAL 

Twenty male albino rats, weighing 76 to 105 grams (average 92 
grams) at the onset of the experiment, were divided into two groups 
of ten each. The animals of the first group received 10 mg. of desoxy- 
corticosterone acetate per day in two subcutaneous injections; the 
compound was administered in the form of a fine aqueous crystal sus- 
pension containing 50 mg. per cubic centimeter. This treatment was 
continued throughout the experiment, but, after ten days of desoxy- 
corticosterone acetate administration, the drinking water of both groups 
was substituted by a 1 per cent sodium chloride solution. Thus, the 
administration of salt was identical in the experimental and control 
groups, but only the former received desoxjmorticosterone acetate. 
Treatment with this steroid was continued for a period of two months, 
during which time seven of the injected animals succumbed with signs 
of marked nervous distui-bances. Most of them showed varying de- 
grees of tremor and hyperirritability, and, in some of them, certain 
muscle groups became paralyzed. This was particularly obvious in one 
rat, which became quite unable to move the extensor muscles of one 
forepaw. Similar nervous disturbances in animals receiving desoxy- 
corticosterone acetate in combination with sodium chloride have been 
described previously,” but since they are not very relevant to the prob- 
lem under discussion, we do not propose to discuss them here in more 
detail. It is noteworthy, however, that all the animals which suc- 
cumbed during the experimental period showed varying degi’ees of 
nephrosclerosis and cardiac hypertrophy. These lesions were even more 
pronounced in the three surviving animals, which were autopsied at 
the end of the two-month treatment period. 

The most striliing change observed in the desoxycortieosterone ace- 
tate group Avas an enormous enlargement of the kidneys, the surface 
of Avhich Avas mottled and rather iri-egular (Fig. 1). A cross section 
through the kidneys, vieAved at Ioav magnification (Figs. 2 and 3), 
reA’-ealed that the renal papilla remained normal in size and the medulla 
shoAved only slight structural abnormalities, AAdiereas the cortex Avas 
approximately tAAdee as Avide as that of the control animals, and ex- 
hibited great irregularities due to patches of sclerosis, obstruction of 
tubules by casts, etc. Under higher magnification, in many instances, 
AA^edge-shaped areas of dense sclerosis AA-ere noticeable (Fig. 4). Through- 
out the kidney, most of the glomeruli Avere sclei-osed. The tuft capil- 
laries exhibited marked hyalinization, and masses of proliferating epi- 
thelioid cells surrounded the glomeruli. The stroma Avas infiltrated 
by small round cells, or consisted of thick bands of dense connective 
tissue. The frequently dilated tubules contained many hyaline casts 




clilorid'e only^'neftf^a'nd'^roTfRr normal kidney of animal which received Bodlum 
sodium chloride plus desoxvcnwi/.J^'V^'^*’'^*^’ •n°t**cd kidney of animal which received 
Fifr. 2.— Low corticosterone acetate (right). 

which received so'diurn'chloHde 'onl'y .section through kidney of normal nat 


received sodium *chlorlde*^nh?q cross section through kidney of animal which 

approximately normal in ‘‘’at the renal papilla is 

hiblLs an irregular pattcim^^d1ie'^to*^’aii^«”*y5‘'^® ^ ’J? cortex is greatly enlarged and ex- 
sclerosis. ^ ™ to dilatation of cast-fllled tubules and patches of 


acetate treated rat*.*'^*^^ -scletotic area In the renal cortex of a dosoxycorticosterone 


glomf^lujrs'urTOunded^jyVDffimi^ contolning hyaline casts and one sclerotic 

in Fig. 4 . ^ epithelioid cell proliferations. Same animal as that shov^m 
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(Fig. 5). Frozen sections stained with sudaii III revealed lipid deposi- 
tions in the proximal convoluted tubules and in many of the sclerotic 
glomeruli, as well as in a few of the easts. Some of the medium-sized 
arterioles were Idvcwise rich in lipid granules and showed marked 
IDroliferation of the fihromuscular elements of their walls. In general, 
the appearance was that of the “large white kidney” in the process 
of being transformed into the nephrosclerotic kidney, although the 
secondary contraction of the organ had not progressed far enough to 
compensate for the initial enlargement. 

The heart was likewise greatly enlarged in all the desoxycorticos- 
terone acetate treated animals, and, on cross section under low 



Pig-. G. — Cross section Uirough the ventricles of the heart of normal control rat 
which received sodium chloride alone. 

Fig. 7.— Cross section through the ventricles of the heart of a rat which received 
sodium chloride plus desoxycorticosterone acetate. Same magnification as Pig. G. 
Note tlie great increase in the tiiickness, especially of the left ventricle. 

Fig. 8. — High magnification of a section through the left ventricle of the heart 
shovTi in Pig'. 6. 

Pig. 9. — Section through tlie left ventricle of the heart shown in Fig. 7. Same 
magnification as Pig. 8. Note the great increase in the width of the muscle fibers. 
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magnification,' it appeared tliat both tiic right and tiie left A^enlricles 
partook in this hypertroifiiy, althongh the eliange was much inore ol)- 
vions in the latter (Figs. G and 7). 'Under high magnification (Figs. 
8 and 9), it became evident that the enlargement of the heart Ava-s not 
due merely to edema, but Avas caused by actual inei-ease in the width 
of the individual fibers. The enlargement of the heart and Ivicliiey.s is 
even more striking if we eonsidej’ that the body weight of the desoxy- 
cortico.sterone acetate treated animals Avas far below normal becau.se 
treatment interfered with their normal gj'OAvth. Table I give.s the 
aAmrage body and organ Aveights (Avith the range in brackets) of the 
desoxycorticosterone acetate ti'eated and control animals at the end 
of the experiment, that is to say, after two months of treatment. It 
will be noted that, since seven of the desoxyeoi-tieosterone acetate 
treated animals died earlier during the ex])erimental period, the Aveights 
of these had to be eliminated from the averages because they Avere not 
comparable to the i-emaining treated and the conti’ol rats, all of Avdiich 
Avere killed on the same day. 


Tabu: I 

Effect of Desoxa'cohtico.steco.ve Ac-etate ox Oi;oax axb Body AVeioht.s of 
Sensitized by Sodium Ciieoiude ADMixi.STiiATio.v*. 


1 

, • • CO.XTUOES 1 

DC’A. TKEATED 

Body Avoiglit 

, 220 

170 


- ■ (185-20.D) 


Kidneys 

1.75 

.3.41 


(I. .3-2.0) 

(2.9-4.4) 

Jle.'irt 

0.89 

1..30 


(0.82-1.0) 

(1.. 34-1 .37) 

Spleen 

1.1 

2.49 


( 0,0-1. 0) 

(1.82-2.90) 


•All weiglit.s lire expref-sccl in fjnim.s. 


It .should be emphasized that the changes Avhich occurred in these 
rat.s could not have been due to the desoxycortico.sterone acetate itself, 
foi‘ they AVer e ncAmr obserA'cd in the numei-ons experiments performed 
in this laboi-atory Avith desoxyeorticostei-dne acetate on rat.s Avhich Avere 
receiving a normal sodium chloride intake. This does not mean that 
the steroid cannot cause any cardiorenal lesions on a normal salt in- 
take, but merely that its etfeet on the above organs is greatly antT' 
mented by sodium chloride. It aaoII be recalled in this connection that 
DarroAv and ililler’® noted necrosis of mjmeardial fibers in rats AA'hich 
AA'cre overdosed Avith deso.xyeorticosterone acetate and on a normal 
diet. Such lesions Avere not observed in our serie.s. It should l»e em- 
phasized also that, in the present experiments, the cardiorenal effects 
Avere not due to the sodium chloride per se, for the controls and the 
experimental animals receiA-ed the same .salt solution. 

From the above experiments it a])]>ears that chronic treatment Avith 
desoxycortico.sterone acetate in combination Avith a high sodium chlo- 
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ride intake causes marked renal clianges and, probably as a result of 
the former, j)rononnced cardiac hypertrophy. It is suggestive to as- 
sume, therefore, that the lase in blood pressure which is Iniown to 
follow desoxycorticosterone acetate overdosage in man, as well as in 
animals, may be secoiidaiy to the renal changes caused by this hor- 
mone. It is well to keep in mind, furthermore, that the increase in 
heart volume Avhich often follows desoxj’-corticosterone acetate and 
sodium chloride treatment of patients with Addison’s disease”’ may 
be due partly, at least in chronically" treated patients, to actual mus- 
cular hyiiertrophy and not merely to dilatation. 

Our observations also indicate that adrenal cortical hyperactivity 
should be considered as a possilde etiologic factor in the production 
of the so-called “renal hy^iertension ” in man. 

In the introductory section of this paper we mentioned the fact that, 
at least in the chick, nephrosclerosis and cardiac hyiiertrophy have 
also been produced with progesterone. Hence, it is tempting to assume 
that the hypertension which often develops in women during gestation 
may be related to the increased production of progesterone and similar 
steroids which is known to occur during this period. In any case, our 
observations give experimental support to the view that a derangement 
in the production or metabolism of steroids may play an important 
role in the pathogenesis of renal lesions that are conducive to hyper- 
tensive heart disease. 


SUMMARY 

Experiments on albino rats indicate that, if the sodium chloride 
intake is kept high, desoxycorticosterone acetate regularly produces 
nephrosclerosis, ca.st formation in the renal tubules, and hypertrophy 
of the renal arterioles, as well as marked cardiac hypertrophy. The 
significance of these observations is discussed in connection with their 
possible bearing on the cause of nephrosclerosis and hypertensive lieart 
disease in man. 

The expenses of this investigation were defrayed through a grant received from 
the DesBergers-Bismol Laboratories. The autliors are also indebted to Dr. Erwin 
Schwenk of the Schering Corporation, of Bloomfield, N. J., who supplied the 
desoxycorticosterone acetate for these experiments. 
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INTRAVENTRICULAR BLOCK AVITH ECTOPIC BEATS 
APPROACHING NORMAL QRS DURATION 

A. J. Simon, M.D., and R. Langendorf, M.D. 

Chicago, III. 

T he occui'rence in eases of intraventricular block of ectopic beats 
with ventricular complexes of normal duration or of a duration 
shorter than that of the sinus beat is rare. One such case was reported 
by AAUlson and Herrmann,^ who explained the phenomenon as follows: 
“The ventricular extrasystole (cycle Ao, Fig. 19) was of septal origin 
and reached both ventricles at about the same time, but it reached the 
right ventricle below the blocked area, and the form of the resulting 
ventricular complex is more nearly normal than that of the sequential 
ventricular complexes. It has been shown experimentally^ that, in 
the dog’s heart without intraventricular block, stimulation of the ven- 
tricular surface at the longitudinal sulcus produces complexes with 
normal QRS duration, whereas stimulation on either side of this region 
produces complexes with prolonged QRS duration. 

A second case of bundle branch block with premature systoles of rela- 
tively normal form was reported by Hewlett,® who could offer no ex- 
planation for it other than that given by Wilson and Herrmann. In 
view of their frequent occurrence, Hewlett discards the idea that two 
stimuli arising simultaneously, one in each ventricle, could result in 
these premature complexes. 

Because of the I’arity of this phenomenon we are presenting three 
more such cases. 

Case 1. — ^Pive tracings were taken on this patient over a four-year 
period. Sinus rhythm was present in all of them. In the second, third, 
and fifth records (Figs. 1, JB, 2, A, and 2, B), alternation of the P-P 
interval was present without changes in P-wave contour or P-R interval. 
In the first and fifth records (Pigs. 1, A and 2, R), QRS was of normal 
duration (0.09 second) and of similar contour in corresponding leads. 
The third (Fig. 2, A) and fourth .(not show) records revealed intra- 
ventricular block of the coriimon type, with a QRS duration of 0.16 
second. The second record (Pig. 1, R) .showed sums rhythm with in- 
traventricular block of the same type as in the third and fourth records, 
and, in addition, showed beats witli a normal QRS duration which re- 
sembled those in the first and fifth (Pigs. 1, A and 2, R) records. These 
apparently normal beats were seen in Leads II and (jPo, although in the 
latter onlj’- one such beat was present. In Lead II tlie first normal 
QRS was a premature S 5 \stole, and the second followed at an R-R in- 

From the Cardiovascular Department, Michael Reese Hospital. The department is 
supported in part by the Michael Reese Research Foundation. 

Aided by the A. D. Nast Fund for Cardiovascular Research. 

Received for publication March 17, 1943. 


345 



346 


AMERICAX HEART .JOURXAL 


terval. which was longer than that of the regular sinus rhythm. The 
second normal QTtS was preceded hy a P wave with a P-ll interval of 
0.36 second, Avhieh was 0.01 second shorter than that of the regular 
sinus beat. After a normal sinus beat, the sequence was repeated. 
The duration of QRS in these beats was 0.10 and 0.08 second, as op- 
posed to 0.16 second for the QRS duration of the sinus beat with intra- 
venti’icular block. 



3 he normal QlbS duration of the premature beats in these records in 
intraventricular block can be e.xplaincd in two way.s: 

J j In a certain localization of the .site of ectopic impulse formation in 
relation to the region of bundle branch block,’'-' or (2) by a .supenior- 
nial phase of recoveiw within the injured tissue, i.e,, the region of irilra- 
\entneu!ar block. If the impulse arises within the .septum at a point 
appi oximately equidistant from the two bundle branches, and entci-s 
the tvo bundle branch .systems below the region of block, reaching both 
the right and left ventricles at the same time, the re.sulting QKS would 
appear normal in contour and duration, 3’hat this may have liappened 
here i.s jilausible because the QK.S of the premature beat and the one 
lolloping resemble in contour the beats of .supi‘a%'entricular orimn in 
the control record.s (Figs. 3. A and 2, Ji). If. on the other hand, the 
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imiMilse arose above, instead of below, tlie region of block, presumably 
in the A-V node, and reached the region of block in the bundle branch 
system in the supernormal piiase of recovery, so that it was conducted 
vnthont delay, then a QRS of normal contour and duration would re- 
sult. 



Fig-. 2. — Case 1. Described and discussed in text. 

The explanation of the second normal QRS invokes further meclian- 
isms which were not considered in the explanation of the premature 
beat. It might, of course, be a second discharge from the same ectopic 
focus which gave rise to the premature beat. However, because the 
P-R- of this second normal QRS is almost that of the normal sinus beat 
Avith intraventricular block, it is possible that this is a normally con- 
ducted sinus beat Avhich arrived enough later in the injured tissues 
after the preceding impulse to iDermit their complete recovery and hence 
allow normal conduction. This presipiposes that the block is revei-sible. 
AltcrnatiA'ely, the second beat Avith normal QRS duration may actually 
be a fusion beat. If this is the ca.se, the impulse from the ectopic pace- 
maker must reach one bundle branch at the same time as the sinus 
impulse, and the other bundle branch before the sinus impulse reaches 
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or traverses the area of block. The S-T-T after the second QKS of noi-- 
mal duration was intermediate in contour between tJie S-T-T associated 
with the QKS of intraventricular block and that of the first QRS of nor- 
mal duration ; this lends credence to the idea of a fusion beat. However, 
the change in S-T-T configuration may be of no moment, because it is 
know-n that S-T-T changes occur after premature systoles. 

Because the configuration of the QRS-T of the premature and follow- 
ing beats resembled that of the QES-T at the time of undisturbed sinus 
rhythm wdthout intraventricular block, the spread of the impulse 
through the ventricles under both cireuin stances -was similai*. This is 
in agi-eement wdth our assumption that the location of the ectopic im- 
pulse is ,sueh that it reaches both bundle branches at the same time, and 
below the level of the region of block. 



rif,'. 3. Ca.'?<: 2. Dopcrlbc-fl and di.scup.sed in text. The fir.st two fiegment.s are a con- 
tinuous strip of I. 


The bigeminal rliythrn which occurred in Figs. 1, A, 2, A, and 2, B 
was inlerpi'cted as due to Cl) auricular premature systoles arising 
close to the S-A node, (2) premature .s.y.stoles arising within the S-A 
node, or (.3) alteimation in S-A conduction time. The first possibilit.v 
IS not regarded as likely because of the identity of tlie P waves and P-B 
inter\-als in all beats. An exact ditferential diagnosis between the two 
remaining possibilities cannot be made; therefore, unless one wi.sbcs to 
assume alternation in S-A conduction, this would be an example of pre- 
mature sy.stoles arising within the sinus node. Ordinarily, the diag- 
nosi.s^ of premature systoles of sinus origin is difficult to make, but in 
this inst€ance the regular recurrence of tlie premature boats makes their 
recognition more definite.'* 

Case 2.-— hive tracings ^vcre taken on this patient during an eight- 
month period. All five records .showed sinus rliytlnn mth intraven- 
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tricnlar block of tbe commou type and a QK-S duration of 0.16 second; 
The first three records showed premature sj'stoles, not preceded by 
premature P waves, with a QES duration shorter than that of the sinus 
beat. Ill the first (not shown) and third .(Fig'. 4) records the prema- 
ture beats occurred just before, during, or after the sinus P wave, and 
there was a variation of as much as 0.14 second in the E-R inteiwal of 
the premature beat and the preceding beat. 



In the second record (Fig. 3), of which only Lead I, CPo, and CP 4 
are available, the premature sj^stoles occurred late in diastole and were 
preceded by the normal sinus P w^ave at a P to QES distance which 
varied from 0.12 to 0.18 second. The P-E of the nonnal sinus beats 
measured 0.18, and the QES duration, 0.16 second. The QES duration 
of the iDremature beats varied from 0.09 to 0.13 second. The later in- 
diastole the premature beat occurred, the longer its QES became. This 
suggests that two pacemakers were controlling the heart during the time 
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of tlie premature beat. When the premature beat occurred earlj', the 
iuterferejice betu'een tlic two took jdace above the })ifiireatiou of the 
common bundJe, .so that the aui-jcle.s were controlled by the sinus, and 
the A-entriele.s by the ectopic, pacemaker; Avhen the ectopic paeenialrer 
discharged relatively later, the interfei'ence wa.s below the bifurcation 
of the common bundle, .so that the ventricles were stimulated by both 
paeemaker.s and a fusion beat i*e.sulted. 

The interpretation of the records in Case 2 is similar in many re.speet.s 
to that of the records in Case 1, The premature beats probably aro.se 
from a focus within the inteiwentrieular septum, and spread equally 
to both bundle branch sjLstems below the region of block. The possi- 
bilit}' that an ectopic focus was situated above the region of block and 
gave rise to impulses which passed through the injured tissues (the 
region of block) during the supernormal phase cannot be enteidained 
in interpreting this series of records because the beats with normal QlbS 
duration occurred over a variable period in the cycle, from veiy early 
to just before the expected occurrence of the sinus beat. The pre.sence 
of fusion beats when the K-It of the pi’emature beat approached that of 
the sinus beat, while the sinus rhythm remained I’egular, is further 
evidence that a sinus paeemalcer, pins an active ectopic pacemaker, was 
re.sponsible for the variations in the electroeardiogi'am. 

It is important to emphasize that, in sinus rhytlnn wiihoui intraven- 
tricular block, the same type of .septal ectopic pacemaker may he operat- 
ing, giving rise to premature beats which arc ijidi.stingiii.shable from 
nodal premature heats. In the pre.sence of block in the bundle branch 
system it is po.ssiblc, as the.se two cases show, to have an eetopie pace- 
maker so located in the ventricle that it gives rise to ventricular com- 
plexes with normal QIIS duration. 

Case 3. — Two records were taken, three juonths apart. The fir.st rec- 
ord^' (Fig. 5, A ) shows sinus rhytlim with intraventricular block of the 
common type. The duration of QRfs is 0.16 second, l^remature .sys- 
toles from one focus, with a QKS duration of 0.14 second, which is le.ss 
than tliat of the sinus beat, occur throughout tbe tracing. Depending 
upon the time of tlie arrival of the.se beats in tbe cardiac cycle, they are 
either interpolated or followed by a compensatory pause. In tbe second 
record (Pig. 3, 71), auricular fibrillation is present, l^lost of the ven- 
tricular eomplexe.s coia-espond in contour and duration to the sinu.s h«its 
in Fig. 5, A. In addition, there are beats of .slioiler QKS duration. 
Tbe.se occur at both short and long intervals after a QRfj which cor- 
responds in contour and duration to the supi'aventricular beat in Fig. 
.5, A. Some of tbe beats of shorter QRS din'ation re.scmble in contour 
the premature systoles of Fig. 5, A, and, foi- that reason, are considered 
to he of ectopic origin. 

Unlike the previous caso.s. in this case the QRS of the eetopie heat is 
7iot of nonnal diiration, althongli it is not as long as the QK8 of the 
dominani rhythm. To e.vpiain this, we nni.sl again localize the ectopic 
site ot impulse tormation to tlie inten'cntricular septum below the 
hitureation ot the common 1/undle. The c.xplanation would then be that 
the impulses are originating below the region, of block, but that tlie 
spread to the two bundle branches Is not erpial in time, and becau.se of 
this, the resultant QRS .shows .slight prolongation. 

*Thi.‘< i.'i j/fi rt <<( -'I f’coril iirf-vioiiylv T.'-pr'/JiiceJ in K;itz: rAi'ctmcfirdinrirnp^tV- 
nut. F: JOk. 351. 
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In Fig'. 5, B, Lead I sliows ectopic complexes of two varieties, one 
witli an upright QRS like that of left hnnclle branch block, and the 
other vdth an inverted QES which simulates right bundle branch block, 
indicating that here we are dealing with two foci of imiiulse formation 
below the bifurcation of the common bundle and below the region which 
gives rise to intraventricular block of the beats of supraventricular 
origin ; one impulse spreads more rapidly to one bundle branch, and the 
other spreads more rapidly to the opposite bundle branch. 



Fig. 5. — Case 3. Described and discussed in text. 


That a supernormal phase of conduction is not involved in this record 
is proved by the second tracing, which shows the QRS of shorter dura- 
tion both early and late in diastole, and shorter QRS complexes of two 
different types. 

.SUMAI.ARY AND CONCLUSIONS 


1. Three cases are presented in which ectopic beats of relatively nor- 
mal contour and duration occurred during tracings of sinus rhythm 
with intraventricular block. 

2. The explanations for these involved a consideration of (a) the 
site of ectopic impulse formation, and (b) the recovery phase of the 
region of bundle branch block. 

3. The explanation offered by others,^’ namely, an ectopic pace- 
maker situated in the interventricular septum, with equal spread to both 
ventricles below the region of block, is applicable in all three of our 
cases; however, as pointed out in one ease (Case 1), the possibility of a 
supernormal phase in the area of bundle branch block must be con- 
sidered. 

4. In cases of sinus rhythm without intraventricular block, an ectopic 
pacemaker located in the septum may give rise to premature beats with 
a normal QRS duration, imitating nodal premature beats. 

5. In Case 1 there was, in addition, another unusual arrhythmia, 
namely, a bigeminal rhythm which was interpreted as due to the fact 
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that every second beat "svas a premature beat oi’i^inating in the S-A 
node, or, alternativeb', as an instance of alternation of S*A conduction. 

We are indebted to Dr. L. N. Katz for ]ii« valuable advice in this study. 
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THE EFFECT ON THE PLASMA VOLUME OF DEHYDEATION 
PRODUCED BY A LOW-SALT DIET AND 
Ai\'IMONIUT\I CHLORIDE 

Richard H. Lyons, M.D., Samuel D. Jacobson, M.D., and 
Noyes L. Amsry, Jr., M.D. 

Ann Arbor, Mich. 

I T HAS been accepted^’ - that tlie plasma volume remains relatively 
constant with dehydration because it is protected by the much larger 
extracellular fluid volume. With the use of improved techniques, how- 
ever, it has been found that the plasma Amlume is not constant, but 
shows considerable fluctuation. It has been demonstrated in animal 
experiments that the plasma, as well as the interstitial fluid, contributes 
to the water lost in dehydration induced by the removal of gastroin- 
testinal secretions^ or by the intraperitoneal injection of glucose."* In 
the early stages of diabetic acidosis,"’ the plasma volume decreases be- 
fore signifleant dehydration develops. In cardiac edema, where there 
is a great excess of interstitial fluid, the plasma volume is not constant, 
but vail show a considerable decrease after diuresis, even tliough edema 
persists.®' ^ 

The meehanisni of the action of ammonium chloride has been well 
e.stablished as a result of carefully controlled lialance studies on nor- 
mal and abnormal subjects.® In general, these persons were on flxed 
diets, usually low in sodium chloride and limited in fluid intake. Con- 
siderable variation is noted in the diuretic effect of ammonium chloride 
on the normal subjects, as reported in the literature; this is due, in 
part, to the use of different doses of the drug and to variations in the 
duration of the observation period. The diuresis varied from none®'’ to 
2.5 kilograms, or 3.6 per cent of the body weight.®'’ Little information 
is available concerning the change in plasma volume, even as judged by 
changes in concentration of serum proteins or hematocrit values. 

Since ammonium chloride is a frequently used diuretic, it would 
appear helpful to Imow how much diuresis it produces in normal per- 
sons in order to evaluate the diuretic response of patients. The studies 
ill the literature are not closelj" comparable to the usual hospital method 
of employing ammonium chloride as a diuretic because the subjects had 
been on a flxed regimen for some days before the administration of 
the drug. 

Prom the Department of Internal Medicine, University of Michigan Medical School, 
Amn Arbor, Mich., and from the IVm. J. Seymour Division of the Eloise Hospital, 
Eloise, Mich. 
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In ail effort to evaluate the response of normal subjects to a low-salt 
diet and ammonium chloride, and to further study the effects of de- 
hydration oh tffe plasma volume, the folloAving obseiwations were made. 

METHODS 

Fifteen hospital patients without evidence of cardiovascular or renal 
disease, who had never had edema and wlio were not ill at the time of the 
observations, were selected as normal subjects for study. Each patient 
had been on the routine hospital diet for several daj’s before the ob- 
servations were started. The subject was carefully weighed on a lieam 
balance, accurate to 2 grams, in the postabsorptive state, on the morning 
of the observations. After the iveighing he was placed on a com- 
fortable stretcher and blood samples were taken for tlie detennination 
of the plasma, volume,® hematocrit value, serum proteins,^® and, in some 
eases, COo combining power.^^ After the initial observations were made, 
the subject was kept at rest in bed on a diet low in salt (about 2.5 Gm.), 
^vith 70 Gm. of protein, and the caloric content of the diet was adjusted 
to 40 per cent above the estimated basal caloric consumption. Fluids 
were permitted ad libitum. As far as could be ascertained, the diet 
was consumed completely, so that it can be assumed that changes in 
weight closely reflected changes in tlie water content of the body. At 
the start of tliis diet, 3 Gm. of ammonium chloride in 0.5 Gm., enteric- 
coated tablets were taken with each meal, so that 9 Gm, of ammonium 
chloride were ingested daily. 

In the postabsorptive, rested state, the plasma, volume of the normal 
subject is remarkably constant. In this laboratory the estimation of 
plasma volume was repeated fourteen times on successive mornings on 
twelve nonnal subjects in the rested, postabsorptive state, and showed 
an average variation of plus 0.88 per cent; the greatest variations, in 
one instance each, were plus 6 and minus 5 per cent. These results are 
in accord with tliose of others.’®’ 


RESULTS 

The observations on tlie majority of the subjects were completed after 
three or four days on ammonium chloride, chiefly because either they 
were no longer available for study or an adequate diuresis was pro- 
duced. The alterations in total blood volume, plasma volume, hemato- 
crit value, serum protein, and weight, expressed as percentage change 
from the initial determinations, are given in Table I. Plasma volume 
varies considerably with the size of the body, so that changes in the 
plasma volume of a group of persons of different size cannot be di- 
rectly compared. 

Ten subjects who received the drug for three or four days experi- 
enced an average diuresis of 4.4 per cent of their body weight, vdth a 
fall in plasma volume of 13.8 per cent. The hematocrit and serum pro- 
tein values increased, although these changes Avere considerably less 
than the change in plasma Amlume, and failed to reflect accurately the 
fall in plasma volume. The actual change in plasma Amlume in these 
people averaged 436 c.c., with an average Aveight loss of 3 Irilograms. 
The decrease in plasma Amlume accounted for 12.2 + 1.2 per cent of the 
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total -weight lost. The greatest change was noticed in Case 5, i.e., a de- 
crease in plasma volume of 1,120 e.e. and a 4.6 kilogram Aveight loss. 

Six subjects avIio received ammonium chloride for six to eight days 
showed a considerably greater variation in response Avhich Avas in part 
the result of the selection of the cases. Some subjects Avho did not 
shoAv an adequate diuresis after three or four days AA^ere alloAv^ed to con- 
tinue the drug for a longer period before the ohseiwations Avere repeated. 
Subsequent observations after nine to nineteen days on ammonium 
chloride indicated that the plasma A'olume Avas in part restored after 
its initial fall, in spite of the continued loss of Avater from the body as 
judged by the progressiA'-e A\might loss. These fluctuations in the plasma 
A'olume are recorded in Table II. 

Tabi.e II 


Tub Peucentage CrrAXCE ix Peasma A''OEUirE, Hematocrit Vaeue, Seruji Proteix 

COXCEXTRATIOX, AXD BODY AVEIGIIT AITER THE CONTIXUOE'.S AdMIXISTRATIOX 
OF 9 GM, OF Ammoxium Cheoride Daiey 


SE'BJECT 

DAA'S OX 

9 GM. OF 
A.AfMOXIUM 
CnEORIDE 

PERCEXTAGE 
CHAXGE IX 
PEASJIA 
A'OEUME 

PERCEXTAGE 
CHAXGE IN 
COXCEXTRATIOX 
OF .SERUM 
PROTEIX 

PERCEXTAGE 
CHAXGE IX 

HEMATOCRIT 

VAEUE 

PERCENTAGE 
CHAXGE IX 
BODY AVEIGHT 

5 

4 

-31.0 

+ G.O 

+18,5 

-7.0 


8 

-18.G 

- 3.7 

+15.5 

-9.3 

0 

4 

-12,0 

+11.2 

- .3.0 

-3.3 


9 

- 7,1 

- 1.9 

- 7.1 

-3.5 


IG 

-14.3 

+ 1.8 

- 7.0 

-3.G 

8 

G 



+15.7 


-2.9 


13 

- 4.4 

+ 6.1 

- 7.9 

-3,0 


19 

- 2.3 

+ 8.4 

- 9.8 

-4.3 

9 

() 

- 4.9 

+ 7.5 


-2.8 


10 

+ 4.9 

+ 0.2 

+ 3.0 

-3.5 


IG 

-11,0 



-5.1 

10 

6 

- 0.8 

+14.2 

- 0.7 

-2.0 


10 


+ 2.9 

- 8.7 

-.3,0 


10 

- 1.3 

0 

- 4.1 

-3.0 

11 

7 

-2.'5.1 


0 

-1,3 


15 

-10.7 

— 

- 7.0 

-1.8 


Of considerable interest Avas tlie actual Aveight lost by these patients 
Avho had no suggestion of edema. The aA'crage Aveight lo.ss of the group 
of fifteen subjects after reeeiA’ing the diet and ammonium ehloi'ide for 
three to seven day.s Avas 2.47 kilograms. Continuation of the drug over 
a longer period Avas a.ssociated Avith a continued loss of Aveighl, although 
the changes AA'ere quite small. 


DLSCU.SSION 

It is apparent from the results of the.se studies that the plasma vol- 
ume .shares in the dehA^dration induced by ammonium chloride. It is, 
of couree, true that the majority of the AAmter lost AA^as derived from 
the reservoii-s other than the pla.sma A-olurne, but in certain instances 
there was a profound reduction of plasma A'olume, 
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Since sodium and potassium balance studies were not carried out on 
these subjects, it is not Imoum whether the majority of the water lost 
under these eircumstances came from the interstitial fluid or from the 
cells. However, others® have found that both sodium and potassium 
are lost in the urine, which suggests that the lost water must come from 
both the extracellular and intracellular fluid compartments. Gamble 
indicated tliat at fii’st the water loss comes largely from the extracel- 
lular fluid and later the intracellular fluid. 

The fluctuations in plasma volume after the initial fall continued in 
spite of progressive loss of body water. In general, these subsequent 
changes were toward a restoration of the plasma volume, and suggest 
that considerable shifts of water must occur within the body as diuresis 
continues, presumably because of removal of water from the cells or 
from extracellular fluid that is not readily mobilized. Judging from 
the obsenmtions of othei*s,®’ ® who have found that a considerable 
amount of potassium is lost in the urine, it would appear that the 
plasma volume was made up by shift of water from the cells. 

There was only a directional relationship in these eases between the 
intensity of the diuresis and the fall in plasma volume. Some cases, 
in which the diuresis was large with a relatively small decrease in the 
plasma volume, would suggest that the plasma volume was well pro- 
tected by the extracellular fluid. In others, however, the large decrease 
in plasma volume with little change in weight suggested that tliere was 
very little protection of the plasma volume. As far as we could ascer- 
tain, all subjects were well hydrated and had been on the same hospital 
regimen for several days before the observations were made. 

The diuresis expeneneed by some of these subjects was greater than 
that reported in the literature. These obseiwations, however, represent 
the response of ' ‘normal” subjects who had been on the usual hospital 
regimen, with salt and water ad libitum, to the low-salt diet, as well as 
to large doses of ammonium chloride, over a three- to seven-day period. 
In general, in the cases pre^dously reported,® the subjects were on a 
diet limited in salt and flxed in its constituents for some days before 
the administration of the drug. Loeb, et al.,®° however, noted no differ- 
ence in the loss of potassium, sodium, magnesium, or calcium wth the 
administration of ammonium chloride in the ease of theu’ carefully 
studied normal subject when he was on a “salt poor” diet and on the 
same diet with an additional 120 milliequivalents of sodium chloride. 

These results suggest that it is not uncommon for a normal, hos- 
pitalized patient to have a diuresis of 2 to 4 kilograms on a low-salt 
diet and 9 Gm. of ammonium chloride per day. Such a diuresis in 
patients suspected of having edema has often been incorrectly inter- 
preted as evidence of edema, but it represents only the response of a 
normal^ hydrated peraoii to the diuretic regimen. 

A comparison between the percentage change in plasma volume and 
the percentage change in hematocrit values and the concentration of 



358 


AMERICAN HEART JOURNAL 


•seiTiin. proteins shows a considerable discrepancy. Certainly, the changes 
in hematocrit values completely failed, to express the changes in the 
plasma volume. This can in part he explained by the fact that deter- 
minations of the pla-sma volume require from 50 to SO e.c. of blood, and, 
therefore, the lo.ss of erythrocytes which may be expected from repeated 
determinations would produce a lower hematoent value. It does not 
adequatelj" explain the changes noted with the second pla.sma A^olinnc 
detei-mination, for it seems unlikely that the removal of only 50 e.c. of 
blood three or four day.s' previou-sly would suffice to produce this loss of 
endhrocytes. The inability to accurately measure changes in pla.sma 
volume bj' changes in the hematocrit value has been demonstrated befoi'e 
by Ebert and Stead.^^’ They ha%x‘ indicated that shifts of blood from 
the larger to the smaller vessels may produce such changes in the 
hematocrit value without alterations in the number of erythrocytes in 
the circulation. 

The changes in the eoncentration of serum proteins Avere consistently 
less than the changes in plasma A-olume, although in the same direction. 
As AAUth the hematocrit, the changes in the eoncentration of serum pro- 
teins failed to expre.ss the extent of the dehydration of the plasma. 
This has been noted by 011101*8, and suggests that a change in the 
concentration of serum proteins as an index of the change in plasma 
A'olume is not reliable. A change in the concentration of senim proteins 
may indicate only a directional .shift in the plasma A'olurne, but not a 
quantitatiA'e change, for the change in plasma A'olume is generally 
greater than the change in senim protein concentration. The failure 
of the serum proteins to folloAA* more closely the changes in plasma 
Amlurne is in accord A\*ith the concept of Madden and Whipple’* that 
the serum protein is in a state of “dAmamie equilibrium.” It sugge.sts 
that a decrease in the volume of the plasma induced OA'er .seA’eral days 
may be a.ssociated Avith deerea-ses in the total amount of protein in 
the pla.sma. 

CONCLUSIONS 

1. Dehydration induced in man by the u.se of a loAv-.salt diet and 9 
Gm. of ammonium chloride daily is associated Avith a decrease in the 
pla.sma A'olume and a smaller ri.se in senim proteins and hematocrit 
A'alucs. 

2. The amount of AA’ater loss A’aried considerably, but, in general, 
amounted to 3 or 4 per cent of body AA-cight. 

3. Only a directional relation.ship existed betAveen the decrease in 
the pla.s'ina volume and the amount of diuresis. 

4. The difference in the concentration of serum proteins or hemato- 
crit values failed to reflect quantitatively the changes in the plasma 
A'olume. 

5. Continued administration of ammonium cldoride aa-os accompanied 
by a secondary rise in plasma A'olume tov.-ard the control level, v.'itli 
.sub.sequent fluctuations, although diuresis persisted. 
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THE CmCULATION IN ]MAN IN CERTAIN POSTURES BEFORE 
AND AFTER EXTENSIVE SY]\IPATHECTO]VIY 
FOR ESSENTIAL HYPERTENSION 

I. Physiologic Aspects^^ 

Earl E. Gambill, M.D.,t Edgar A. Hines, Jr., M.D.,i 
AND Alfred W. Adson, M.D.§ 

Rochester, jMinn. 

T he effect of posture on the circulation has long heen a subject of 
interest to many students of vascular physiology. This subject has 
assumed increasing significance since the syndromes of spontaneous 
and of postoperative orthostatic hypotension have been recognized 
clinically. The relatively recent introduction of extensive sympathec- 
tomy for the relief of essential hypertension has resulted in opportu- 
nities for seeing and studying certain persons who have orthostatic 
hypotension and orthostatic tachycardia after this type of operation. 
Thus, information relative to the dynamics of the circulation which 
formerly had to come solely from .studies on animals can now be ob- 
tained from studies on man. 

HISTORICAL REVIEW 

A good resume of the historical aspects of the operation of sympa- 
thectomy for hjTpertension may be found in an article by Adson, Craig, 
and Brown.^ Roth made perhaps the first extensive study of the effects 
of posture on the blood pre.ssure and pulse rate after sympathectomy. 
She noted that no significant orthostatic decreases in blood pressure 
were produced by operations which did not produce extensive abdom- 
inal .sympathetic denervation. 

Allen and Adson^’ ^ have reported on the physiologic effects of ex- 
tensive sympathectomy^ on essential hypertension. More recently, 
Adams and his co-workers'' studied the effects of exten.sive .sympathec- 
tomy on the cardiorenal system. They found that the pulse rate and 
cardiac output were reduced after sympathectomy. 

PURFOSE, .SCOPE OP STUDY, AND DEFINITIONS 

Tlie purpose of the present investigation was to study, by as many 
approaches as were practicable under controlled conditions, the physio- 
logic effects of sympathectomy and its effect with change of body 
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posture. Accordingly, we studied the effect of the horizontal and the 
GO-degree head-np postures on (1) pulse rate, (2) blood pressure, (3) 
pulse pressui'e, (4) differential blood pressure, (5) response to the 
Flack test, and (6) cardiac output before and after extensive sympa- 
thectomy in ten cases of essential hypertension (Cases 1 to 10 of this 
and the succeeding report). In addition, the circulation time and the 
response to the cold-pressor test were studied while the patients were 
in the 60-degree head-up posture, and the volume of the leg while they 
were standing erect. Further studies were done on the same persons 
in an effort to modify orthostatic vascular responses ; these studies will 
be reported in a subsequent paper. The word “orthostatic” is used 
in this report to refer to the 60-degree head-up posture, as well as to 
the erect or standing posture, although, strictly speaking, the term re- 
fers to the latter only. 

It was deemed more advisable as well as more practicable to study 
a small number of eases from many aspects rather than a larger num- 
ber less thoroughly and extensively. AVe realize the hazards of at- 
tempting to interpret percentages based on such small groups of cases. 
This becomes all the more obvious when the marked lability of the 
various factors which comprise the total picture of the circulation, par- 
ticularly in cases of hj’pertension, is recalled. 

Experience has shown that, in the early days of convalescence after 
extensive splanchnic sympathectomy for hypertension, the average 
patient cannot tolerate the upright posture long without syncope. The 
60-degree head-up posture, therefore, was selected for most of the 
studies which were made, since it was felt that most patients could 
tolerate this posture. AVe are fully aware that use of the 90-degree 
head-up posture would have given a more accurate picture of the total 
effect of gravit}'- on the circulation. We believe, however, that the 
differences in circulatory reaction which occur between the 60- and 90- 
degree head-up postures are largely quantitative. The 90-degree, or 
erect, posture has its disadvantages also, for certain muscular move- 
ments and muscular tension would be superimposed, which would make 
it more difficult to evaluate the role of gravity. We were more inter- 
ested in knoAving the trend of reactions. 

PATIENTS STUDIED AND PROCEDURE 

Seven of the i)atients were men and three were women. Their ages 
ranged from 25 to 57 years; the average age was 39.6 years. Seven 
patients had hjqDertension, Group 2, and three, hypertension. Group 3, 
according to the classification of essential hypertension by Keith, 
AVagener, and Barker.^ All underwent bilateral, sub diaphragmatic, 
retroperitoneal, intra-abdominal resection of the splanchnic nerves, 
celiac ganglia, and upper two lumbar sympathetic ganglia and inter- 
vening trunks. In addition, the ninth, tenth, and eleventh thoracic 
sympathetic ganglia and intervening trunks were resected in two of 
the cases. Preoiierative studies were made about four days after the 
patients were admitted to the hospital. Postoperative studies were 
done, on the average, twelve days after the second stage of sympathec- 
tomy. The patients had been walking for about five days prior to the 
postoperative studies. 

All determinations except cardiac output were made at one session 
in an air-conditioned room in which the relative humidity Avas 40 per 
cent and the temperature ranged from 78 to 82° F.- Studies of cardiac 
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output were made on tlie nexi day. A lilt table was used wbieh per- 
mitted observations while the patients lay on the table in the horizontal 
and in the 60-degree head-up postiu’cs. Oi’dinary blood pressure cuffs 
were used on one arm and on both thighs just above the knees. The 
cuffs on the thighs were reinforced by towels fastened snugly with 
pins. For measurements of blood pi'c.ssure in the thighs, Tycos aneroid 
sphygmomanometers Avhieh had been cheeked for accuracy against a 
mercury manometej- were used. The cuff's were 12 cm. in width. Judg- 
ing from studies by '\Viggei-s,*' a cuff that wide should give fairly accu- 
rate readings. A Bowles stethoscope was used, and tlie diastolic pres- 
sure was noted at the level at Avhieh auscultatory sounds were suddenly 
muffled. Patients T-ested on the table for at least twenty minutes be- 
fore any .studies Avere begun. In general, three determinations of blood 
])ressure and pulse i-ate Avere made at intervals of tAvo minutes in each 
of the tAVO body po.stui’e.s. 


IU;i.SE RATi-: 

The pulse rates of all patients in the hoi-izontal po.sture were higher 
after operation than before opei-ation ; the average postoperati\'e in- 
crease Avas 13 beats per minute. The pulse rate Avhile the patients Avcre 
in the 60-degree head-up po.sture averaged 21 beats more after syni- 
lAathectomy. The j-ate of acceleration of the pulse Avas studied by 
counting the pulse at intervals of fifteen, thirty, sixty, and 120 seconds 
aftei' the patient Avas moved to the 60-degi'ee head-up po.sture. After 
this, the patient Avas returned to the horizontal po.sture and the pulse 
i-ate Avas again counted after fifteen seconds. Tlie i-esults are .shoAvn 
in Fig. 1. Thus, the pulse rate Avas not only highei', but had a tendency 
to accelerate continuously after operation, in contra.st to the tend- 
ency pi-eoperatively to attain a fairly comstant level after the patient 
had been in the head-up po.sture for thirty seconds. 

Rotlv noted in a study of tAvelve cases of essential hypertension that 
actiA'c a.ssumption of the erect po.sture, which is not entirely compar- 
able Avith this study, resulted in an average increase of 12 beats per 
minute iirior to sympathectomy and an aA'cragc increase of 32.6 beats 
per miiuite subserjiient to sympathectomy. Adams and his co-Avorker.s, 
on the contrary, lound a slight deci'ease in heart rate Avhen subjects 
Avere in the hoilzontal po.sture after .symj)athectom3C 

The exact reason for the iuA'ariably faste}' pulse 7’ate in both po.stures 
AA-hieh Avas found in our series of cases after- sympathectomy is not 
knoAvn. We doul>t Avliethei- the Bainbridge i-efiex has much to do Acith 
it, for a tight abdontinal bimler, whieh should increase venous j-cturn 
to the right auricle and pei-haps inci-ea.se venous pre.ssui-e Avithin the 
right auricle fthat is, ar-tivate the Bainbrifige i-cfle:<), actually sIoavk 
the heart. 'When jratienls ar-e in the head-up po.stui-e after .sympathec- 
tomy, the blood })i-cssu]-e may fall to r-ather- low levels and evidences 
of impending sym-ope may apirear. Reduction of j)i-e.ssui-e in the right 
auricle Avould be expected under the.so cir-cumstanccs; yet. the pnlse 
rate actually accelerated. It may be that, in such pei-.sons, A-asornotor 
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reflexes wliicli originate from pressure changes within the thoracic 
aorta and within the carotid sinuses exert a greater role in the regu- 
lation of blood pressure and pulse rate than vasomotor reflexes which 
arise from pressure changes vdthin the right auricle. The former re- 
flexes, too, may be activated more readily than the latter. Such an 
arrangement seems not only reasonable but desirable for the organism, 
since it would afford a quicker and a more direct control of the cir- 
culation, iiarticulaiiy for such vital structures as the brain, by counter- 
acting sudden or harmful deerea.ses or increases in blood pressure. 



According to this concept, the increased pulse rate after syinjiathec- 
tomy could be due to a reduction in the number of pressoreceptive 
stimuli originating within the thoracic aorta and within the carotid 
sinuses as a result of a decrease in intra-aortic and intracarotid blood 
pressures secondary to a general decrease in periiiheral resistance. 
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BLOOD PRESSURE 

The consensus^ as to the so-called normal response of the Idood pi'es- 
sure when subjects are moved from the liori/.ontal to the erect posture 
is that the systolic pressure does not change materially, whereas the 
diastolic pressure usually rises; manj’- workers have reported a rise of 
8 to 10 mm. of mercury in the diastolic pressure. In a recent study 
of 112 persons who had essentially normal blood pressure, one of us 
(Gambiir-') found the systolic pre.s.sure unchanged, while the diastolic 
pressure rose an average of 6 mm, of mercury after subjects had stood 
for a period of three minutes. 

The present studj’’ of blood pre.s.sure in the horizontal posture re- 
vealed that sympatheetomj’- was followed by an average decrease of 
21 mm. in .systolic, and an increase of 7 mm. in diastolic, pre.s.sure. 
Study of the blood pressure in the 60-degi’ee head-up posture before 
and after operation revealed that operation I’e.sulted in an average 
decrease of 36 mm. in the S 3 ^stolie, and 21 mm. in the diastolic, pres- 
.sure (Fig. 2). When patients were moved on the tilt table from the 
horizontal to the head-up posture after operation, the .sy.stolie pre.ssiu’e 
decreased an average of twice as much, and the diastolic pre.s.sure, 
seven times as much, as before operation. Even in cases of marked 
orthostatic hypoten.sion and tachycardia, vascular adju.stments on re- 
turn of the patient to the horizontal po.sture were rapid. For example, 
after one patient (Case 1) had been in the dO-degree head-up po.sture 
for seven minutes, the systolic pre.ssure at the time of this study was 
62, and the pulse rate was 132 per minute. Within twenty seconds 
after he was returned to the horizontal po.sture the sy.stolie pre.ssurc 
was 116 and the pulse rate had decreased from 132 to 76. 

Allen and Adsoii" stated that orthostatic hjT^otension and tachy- 
cardia definitely disappear a variable time after .sjunpathectorny. The 
mechanism involved in the change is not known, 

DirFEREXTIAL BLOOD I’RES.SURE 

IW difTerential blood pressure is meant the di/ferenec in blood pre.s- 
.sure between the thigh and the ai-m. Careful studies in recent yeans, 
particularly tho.se of Strang,"' Bazett,” Hamilton and eo-workens,’^ 
Cady,'= and one of us tGambilF;, leave little doubt that a difference 
exi-sts in the blood pre.s.sure in the thigh and arm of persons v/ith nor- 
mal pre.ssure, Cady studied the differential blood pre.s.sure in nevoniy- 
five eases of hypertension and in seventy-five cases of normal pre.ssnre. 
He found that extensive sAunpatheelomy reduced the ditrerence in 
blood pressure in the thigh and arm. His conclusion was that this 
ditierence in prc-s.sure is due to differences in peripheral resistance in 
the leg and arm, and that any procedure which tends to equalize the 
resistance in the arteries of the Hvo limb.s also tends to equalize the 
pre.ssures within these vessels, Conver.selj’, unequal variations in 
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the resistance of the arteries of the leg and arm would atfect the dif- 
ferential pressure. Bazett^^ postulated that the difference in blood 
pressure in the leg and arm was due to the greater transmission of 
kinetic energy into pressure energy in the leg than in the arm. 
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Fig. 2. — Mean blood pressures in arm and thigh in ten cases in horizontal and tilted 
(GO-degree head-up) postures before and after sjunpathectomy. 

The differential blood pressure in the present inyestigations was cal- 
culated fi’om measurements of blood iiressure from the arm and leg 
according to the procedure outlined. Contrary to expectations, sym- 
pathectomy actually resulted in an average increase of 8 mm. in both 
the systolic and diastolic differential pressures when the patients were 
in the horizontal posture. In the head-up po.sture after, sjunpathec- 
tomy, reductions in systolic pressure were the same in the arm and leg, 
but reductions in the diastolic pressures were slightly greater m the 
leg. A greater reduction of blood pressure might be expected in the leg 
than in the arm if only the theoretical effect of sjunpathectomy on the 
reacthdty of the vessels in the sympathectomized limb were considered. 
Such a result does not necessarily occur because peripheral resistance 
is only one of seA'^eral elements which determine the level of blood 
pressure; cardiac output and circulating blood Amlume are among 
other factors which also may affect it. The fact that the diastolic blood 
pressure in the arm decreased after sympathectomy when patients were 
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placed in the head-up posture stresses the role of factors other Ilian 
local vascular reactivity in detennining blood pressure levels, for Ihe 
arm vessels were not syinpathectomizcd. 

PULSE PRESSURE 

Schneider and 3’ruesdell,’^ after studying the postural reactions of 
a large number of healthj" persons, concluded that the product of pulse 
rate and pulse pi-essure was unchanged with change of posture. It has 
been stated’-'* that a pulse pressure of le.ss than 30 or more than 50 mm. 
Hg is abnormal. SewalP® concluded, after a .study of several hundred 
persons, that the pulse pre.s.sure always decreases when a change is 
made from the recumbent to the erect body posture. This deci-easc 
usually is the re.sult of the decline in sy.stolic.and the rise in diastolic 
pressure which occurs on assumption of the upright po.sture. 

The purpose of the present .study was to obso'vc what effect .syni' 
pathectomy has on pulse pre.s.sures in the arm and leg when the pa- 
tients were in the hori;contal and in the 60-degi-ee head-up po.stures. 

The avei-age pulse pi’es.sure in the arm Avhen the ])atients were in the 
horizontal po.sture decreased 36 mm,, and that in the leg decreased 12 
mm., after .sympathectomy. After .sympathectoiny, when the patients 
had remained foi* one minute in the 60-degree head-up po.sture, the 
average decrease in pulse p7*e.s.sure wfis 21 mm. in the arm aJid 24 mm, 
in the leg. The greatest decrease in pulse pre.s.sure after operation 
occurred iji those cases in which hypotension was greate.st in the head- 
up posture (Fig. 3), Although both systolic and diastolic pre.ssures 
decj-eased when patients wen-e placed in the head-up i)o.sture after 
operation, the lowered pul.se pre.s.sure was predominantly the re.sult 
of a greater decrease in the systolic than in the diastolic pres.sure. 

Response to Pinch Test. — The work of Gi'ime.s’' and MaeJ^ean and 
Allen’^ has emphasized the po.ssible .significance of the Flack te.st in 
physiology and in clinical medicine. As a re.sult of a study of 1,000 
subjects in twenty years. Grimes considered a .systolic j-ebound of 2-5 
ram. Hg or less as a normal rc.si)on.se to this test, and a rebound of more 
than 25 mm. IJg as an abnormal response. 

It was felt that a study of the influence of certain postures on the 
Flack test before and after extensive sympathectomy might throw 
some light on the J-ole of venous return to the heart in the regulatioii 
of the circulation, particularly since con.siderablc ortho.static hypotcti- 
.sion is likely to develop after .sympathectomy. The te.st as used in the 
present study was as follows: The patient blew against the column of 
mercury in the sphygmomanometer until it attained a height of 20 nun., 
and maintained it at that level for twenty seconds. The blood ijre.sKure 
in the arm was measured during the last ten seconds of this period, 
after which the pressure within the arm cuff was qiucAdy raised to a 
point higher than the pi-evious control systolic level. After cessation 



GA]MBILL ET AL. ; EFFECT OF POSTURE ON CIRCULATION. I 367 


of blowing, the euif was deflated rapidly until the first systolic sound 
was heard. This sonnd was designated as the level of the rebound 
pressure. In most instances the test was performed twice, and the 
average of the two rebound pressures was calculated. . This test was 
done while patients were in the horizontal posture and again after they 
had been in the 60-degree head-up posture for two minutes. The term 
“rebound” denotes the number of millimeters of increase or decrease, 
respectively, in the systolic blood pressure above or below the level of 
the control blood pressure. 



period 
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Pig. 3. — Comparison of average pulse pressures in arm and thigh in all ten cases 
with those in Case 1. Severe orthostatic hjTJotension and tachycardia developed in 
Case 1 after operation. 


Prior to operation, the Flack test resulted in a decrease in systolic 
blood jiressure in both postures; the greatest decrease occurred when 
patients were in the head-up posture. The diastolic pressure during 
the Flack test increased when the patients were in the horizontal pos- 
ture but decreased Avhen they were in the head-up posture. The sys- 
tolic rebound pressure averaged 15 mm. more when the patients Avere 
in the horizontal posture than when they were in the head-up posture. 
After sympathectomy, when the patients were recumbent, the test re- 
sulted in eight times more reduction in systolic blood pressure than 
before operation. AYhereas the diastolic pressure increased an average 
of 46 mm. during the Flack test in the horizontal posture before opera- 
tion, it decreased in every instance when the test was similarly ’per- 
formed after operation: The systolic rebound pressure when the pa- 
tient was in the horizontal posture was only two-thirds as great after 
as before operation. After operation, the response to the Flack test in 
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the lieacl-Rp postui*e was sti'ikingly impaired. In fact, the blood pres- 
sure during the period of blowing fell so low as to be obtainable in 
only tiu’ee of nine eases studied. 'Whereas before operation the .systolic 
rebound pressure in the head-up po.sture was 25 ram. more than the 
control value, after .sympathectomy it was only 9 mm, more than the 
control pressure (Fig, 4)* As expected, the lowest .sy.stolic rebound 
pressure occurred among jiatients who exhibited postoperative ortho- 
-static hypotension and taehj'cardia. For example, in Case 1, as men- 
tioned pre^nously, orthostatic hA-potension and tachycardia developed 
after .sjunpatheetomy, and, during the Flack te.st, .sjTieope and a shoi-t 
con'ruhsive seizure developed. One or two other patients had mild 
.sjmeope during the Idack test. 

It seemed desirable to sec whether a-N-dimethyl-p-hydroxyphcncthyl- 
amine sulfate (paredrinol .snilfate) would improve the reactions to the 
Flack te.st. Accordingly, 20 mg. of this drug were gi%'en subcutaneou.sly, 
and then the response to the Flack test was noted while the patient was 
in the horizontal posture. Tliis was tried in Case 8 fifteen days after 
the second stage of .sympathectomy and after control values for the 
Flack test had been ascertained. Only a slight improvement was noted 
in the re.sponse to this test after the administi-ation of paredrinol .sul- 
fate. This patient had been walking around for a few days prior to the 
te.st, and had probably recovered a con.siderable degree of reactivity 
in the s^inpathectomized ve.ssel.s — enough perhaps to countei’act the 
effects of an increase of 20 rnm. Ilg in infrathoracic pre.ssure while in 
the horizontal posture. 

The exactness of the information revealed by the Flack test may be 
open to que.s-tion, but the changes are so .striking that their .significance 
cajinot be doubted. It is not a.ssumed that the rebound pressures, as 
o])fained. are absolutely accurate, for it is possible that the blood pre.s- 
sure may not have been obtained at its highe.st point. The fact that 
the pre.ssure rebounded to the levels mentioned seems important. 

Grimes felt that, other things being constant, the height of the re- 
bound blood pre.ssure varies inversely as the elasticity of the arteries. 
I he geneial decrease in rebound pres.snre after .sympatheetomv' in the 
])re.sent studies agrees with this view, for .sympathectomized ve.ssels 
have le.ssened constrictor tone, which makes them more di.stensible 
and reduces their elastic recoil. It has been stated that the pressure 
within a vein re.sults H) from the residuum of pre.'^sure created hj 
cardiac .systole, (2) from the degree ox tonus in the vessels, which, in 
turn, is intlueneed by the vasomotor nervous sy.stem, and (3) from 
hydrostatic pre.ssure. To these intluenees mu.st be added the intiucnce 
of muscular action with its milkintr effect on the veins. It is easy to 
reason, then, that syrnpatbeetoiny, by decreasing the efTeet of at least 
the second and fourth factors, might decrease the venous pre.ssurc 
gradient from legs and abdomen to the thorax. Cardiac filling, there- 
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fore, could be impaired by relativelj'^ smaller increases in intratlioracic 
pressure. In fact, MacLean and Allen have shown by roentgenologic 
means that there is a decrease in the size of the heart shadow in cases 
in which the Flack test results in much hjTDotension, AVhen cardiac 
filling is sufficiently impaired by such a procedure, even an accelerated 
pulse rate and localized increases in peripheral vasoconstriction might 
not prevent a decrease in blood pressure. If, in addition, hydrostatic 
forces are brought into play by tilting the subject to the semierect 
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Pig. 4. — Flack test. Effect on systolic blood pressure of maintaining a column 
of mercuiy at 20 mm. for twenty seconds by blowing against it. The figure 94, as 
given for the depression in systolic pressure, may not be strictly accurate because 
it represents the average result for all cases, in some of which, pressures were too 
low to measure. In these cases the decrease in pressure on blowing, for purposes 
of calculation, were taken as equal to the control systolic pressure. Almost certainly 
the pressure did not fall to zero. 

posture, these effects are augmented. Thus, a greater decrease in the 
systolic blood pressure resulted during the Flack test while the pa- 
tients were in the head-up posture than while they were in the hori- 
zontal posture. Sympathectomy seemed to augment these effects fur- 
ther. MacLean and, Allen showed that a nearly normal Flack test 
resulted when subjects were lying in a 30-degree head-down posture. 
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CIRCULATION TIME 

The circulation time from arm to foot and foot to arm was measured 
before and after sympathectomy. We were interested in comparing 
the circulation time in eases of postoperative orthostatic hypotension 
with that in cases in which this condition did not develop, in an efl’ort 
to obtain additional information concerning the mechanism of this 
phenomenon. Recent studies of the circulation time of .sympathec- 
lomized patients have been made by Kvalc and associates’'' and Smith 
and associates.*" 

The circulation time from arm to tongue, ai-m to foot, foot to tongue, 
foot to arm was studied in seven of the ten eases while the patients 
were in the dO-degree head-up posture, under the environmental con- 
ditions mentioned previou.sly. The .subjects had been without food 
from four to seven hours prior to the test, and had been lying on the 
tilt table for at lea.st an hour before the test was done. WacasoP' was 
used as the test solution ; 2 e.c. were used foi- the arm-to-foot time and 
3 e.e., for the foot-to-arm time. This was given intravenou.sly by means 
of a 3 e.c. .syringe and a 20-gauge needle. The .solution was injected 
into the median anteeubital vein in order to aseei'tain the arm-to-foot 
time, and into one of the dousal veins of the foot foi' the foot-to-arm 
time. Thirty seconds elapsed after release of the touiuiquet before 
the te.st solution was injected in the punctured vein. A stop watch 
was employed foi' measuring the circulation time. Ten minutes elapsed 
between the injections in the arm and foot. 

In three cases the circulation time increased, and, in four, it de- 
creased after .sympathectomy (Fig. 5). Whereas a decrease in the arm- 
to-foot and arm-to-tongue circulation time occurred after .sympathec- 
tomy in the group in which the po.stoperative reduction in blood pres- 
sure was minimal to fair, the circulation time was moi'c than doubled 
in the group in which the reduction in blood pre.s.sure was good and 
orlho.statie hypotension developed after operation. Apparently, ortho- 
static hypotension is a.ssocialed with a general .slowing of the circula- 
tion. This may be related to marked vasocomstriction in the un.sym- 
patheetomized upper part of the body and to a decrease in cardiac 
output when such subjects a.ssume the head-up posture. The critical 
level of hypotension, below which circulation time is increased, has 
not been a.scertained. 

e tried to measure the circulation time from foot to tongue and 
from foot to arm without .sucee.ss, apparently because of pooling or 
stagnation oi the te.st .solution in the injected limb. This was .sug- 
gested by the fact that no reaction was felt in the tongue for as long 
as three minutes after injection of the .solution in the vein in the foot 
■SO ]on<r as llie patient remained in the head-up po.sture. However, a 

is a mixture nt irlisronfUr* rJiIcIu^u Kul- 

r.-iW .coJium {hloruv-, jUKi cooikt sulfate In .--tarila flirtlUa.) w.-iO-r, jiml I-' manufactur"'i 
by Ciu.'rnical. Inf.. Vonkfr.*, Xfvi- York. 
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definite reaction occniTed in the tongue, and then in the arm, about 
eight and sixteen seconds, respectively, after the patient was returned 
to the horizontal posture. ]\Ioreover, if, before I'eturning the patient 
to the horizontal posture, a blood pressure cuff was placed around the 
thigh of the injected limb and was inflated above the diastolic blood pres- 
sure level, no reaction was experienced in the tongue for as long as 
three minutes after return of the patient to the horizontal posture. A 
strong reaction in the tongue and arm followed withiii six to ten sec- 
onds after deflation of the cuff. This and burning in the foot, relieved 
by assumption of the horizontal posture, offer aclditiojial proof that 
there was stagnation of the test solution in the leg Avhile the patients 
were in the head-up posture. These observations indicate the difficulty 
of measuring circulation time in the head-up postui-e. 



I • I Before sympathectomy 
WwA After sympathectomy 


Pig-. 5.— Average circulation time in seconds in 00-tlegree head-up posture before 
and aUer sympathectomy. Compai’ison of results obtained in four cases in -which 
reduction of blood pressure Avas minimal with those in three cases in Avhich reduction 
of blood pressure ivas good and considerable orthostatic hy'iiotension and tacin-cardia 
followed sympathectomy'. 

RESPONSE TO COLD-PRESSOR TEST 

Allen and Adson^’ ’ have observed that, in general, those patients who 
have good reductions in blood pressure as a result of sympathectomy tend 
to have the greatest diminution in blood pressure response to the cold- 
liressor test after sympathectomy, and vice versa. 
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TJie present study was done in an effort to learn more about the 
mechanism of the orthostatic hypotension Avhich is so marked in some 
cases after sympathectomy. The test has been well established as a 
standard stimulus of blood pressure, and we felt that the results de- 
rived from it might also serve as a yardstick for comparison of the 
pressor effects of other agents v/hieh were employed during the investi- 
gations. The technique devised by one of us (Hines^^) was used. The 
test was done while the patients were in the 60-degree head-up posture. 
They had been lying on a tilt table undergoing other kudies for at 
least an hour before the test was done. They had been resting quietly 
on the table fifteen to twenty minutes prior to the test. Two minutes 
elapsed after the patient was placed in the head-up posture, and then 
a control blood pre,ssure reading -was taken, after which the test was 
performed. 



ric. of colti-prewor tept with p-itients in 00-<3f;)?ree hoa/3-tiP, 

ca-crrs in which reductions of blood pressure were minimal after sj'jp- 
tiK'ctom%^^' which reducUoHH of blood pressure were goo'J after pymvn- 


As indicated in Pig. G, in those cases in which the blood pressure was 
reduced considerably as a i-esult of syanpatheetorny, the response to the 
cold-prcssor test also was decreased by synipatheetomy. On the other 
hand, patients who had little reduction in blood pressure postopera- 
lively did not have a decreased re.sponse to the test. 7'hese results 
agree with those reported by Allen and Adson.- ’ 
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CARDIAC OUTPUT 

All elinical evidence convinces tlie observer that marked degi'ees of 
orthostatic hypotension after sjmipathectoniy must be associated ,\vith a 
reduction in cardiac output. The purpose of this study of cardiac out- 
put was to test that hypothesis. Certain investigators^-'"^ have expressed 
the opinion that cardiac output changes little or not at all as a result of 
change in posture. However, most workers in this field-^'^^ have noted 
significant decreases in cardiac output when the subjects stand erect. 
This was true of hs'^pertensive, as well as normal, persons. 

The cardiac output of five patients was measured in the horizontal 
and 60-degree head-up postures before and after sympathectomy. Two 
measurements were made on each patient in each position by the 
method described by Grrollman. Basal metabolic rates were measured 
noth the gasometer machine, using the open circuit method and the 
technique of Boothby and Sandiford.’^ Frequent determinations of 
blood pressure and pulse rate were made before and after each re- 
breathing test. Vital capacity was measured graphically by means of 
a spirometer. 

The results are shomi in Tables I and II. The variation between 
values obtained on the first and second tests were much greater for 
both postures after operation than they were before operation. The 
exact reasons for these differences are not clear, but we do not feel 
that they are related necessarily to technical error. It is more likely 
that they reflect the profound instability of the circulation which is 
obvious clinicallj'' so soon after sympathectomy. It would be interest- 
ing to repeat these observations several months after the operation, 
when the circulation has become readjusted and stabilized. 

In four of the five eases, consumption of oxygen was decreased after 
sympathectomy. The basal metabolic rate was decreased in almost 
every instance after operation, and the average decrease was three 
times as much in the horizontal as in the head-up posture. The cardiac 
output was greater in both postures after sympathectomy ; the great- 
est increase occurred when the patients were in the horizontal posture. 
Thus, in the horizontal posture, the cardiac output averaged 0.62 liter 
per square meter per minute more, and in the head-up posture 0.52 
liter iier square meter per minute more, after sympathectomy than it 
did before. However, a significant decrease in cardiac output occurred 
when the patients were moved from the horizontal to the head-up pos- 
ture; the decrease averaged 0.56 liter per square meter per minute 
before operation and 0.66 liter per square meter per minute after oper- 
ation. The stroke volume after operation was increased when the 
patients were iii the horizontal posture, but was decreased after they 
were moved to the head-up posture. It was smaller in the head-up 
posture before, as well as after, the operation. 
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Table 1 


Cakmac Output in the Hokizontal Posture 


CASE 

j 

B.n.R. 

(per 

cent) 

BLOOD 

PRESSURE 

(mm. 

hg) 

PULSE 

RATE 

0, CON- 
SUMP- 
TION 

(c.c. 

PER 

difference in 

ARTERIAL AND 
VENOUS 0„ 

(c.c. PER l)) 

CARDIAC OUTPUT 
(l. per SQ. M. 

PER MIN.) 

AVERAGE 
STROKE 
VOLUME 
(c.c. PER 
BEAT PER 
SQ. M.) 


TEST 

TEST 



1 

MIN.) 

D 


aver- 

age 

1 

1 

2 ] 

1 

AVER- 

AGE 


Preoperative 


1 

j 

- 1 

l(i5/9ti 

166/104 

74- 72 

141 

i 

82.9 1 

! 


82.9 


1.70 

1.70 

23.6 


+11 

176/1 IS 
178/120 

76- SO 

248 

63.4 

6S.5 

65.9 

2.10 

i2.20 

2.10 

26.9 

3 

•f 8 

186/110 

182/116 

S4- 84 

257 

59.6 

56.1 

57.8 

! 

2.32 

2.46 

2.39 

28.4 

4 

+ 5 

160/124 

160/120 

196-100 

199 

58.2 

65.2 

61.7 

m 

12.02 

2.14 

21.8 

lit 

-f32 

166/110 

19.2/122 

86- 90 

240 

48.0 

57.8 

53.1 

3.39 

j2.84 

1 1 

3.11 

25.7 

Alean 

+ 11 

i 

170/112 

176/116 

83- 85 

217 









Postoperative 


1 

-16 

12 by 88 
124/ 92 

72 - 76 

211 


84.4 

H 


m 

2.20 

28.2 

2 

+ 2 

140/ 98 
156/108 


227 

. 

27.0 


27.0 

4.72 


4.72 

56.2 

3 

+ 6 

178/118 

184/116 

86- 84 


44.2 

56.8 

50.5 

3.05 

2.37 

■ 

31.8 

4 

-11 

144/112 

146/114 

88- 84 

167 

41.1 

67.3 

54.2 

2.87 

1.63 

2.15 

25.4 

lit 

0 

166/116 

184/116 

80-100 

175 

54.5 

40.1 

47.3 

2.29 

3.12 

2.70 

33.7 

ilean 

-5.4 

151/100 

159/109 

S3- 86 

206 

41.4 

62.1 

48.2 

3.15 

2.12 

2.90 

35.1 


*The patient was somewhat uncomfortable tluring the preoperative studies because 
of thoracic pain on the left side. 

fCase 11 is not included in the series of ten cases mentioned at the beginning of 
this report. In this case, studies were limited to measurements of cardiac output. 

Case 1 is very interesting. During the postoperative ineasnrenient 
of cardiac output ivitli the jiatient in the head-up position, he was prac- 
tically in syncope ; the systolic pressure varied between 86 and 64 nim.; 
the diastolic auscultatory sounds were indistinct. The pulse rate dur- 
ing this time increased from 128 to 140 beats per minute; pallor was 
marked ; the skin was cold and clammy, and the respirations ivere un- 
usually deep and heavy, which may have had something to do with the 
high metabolic rate. The cardiac output decreased from an average 
of 2.2 in the horizontal posture to 1.09 liters per square meter per 
minute while he was in the 45-degree head-up posture. The stroke 
volume decreased from 28.2 e.c. in the horizontal, to 8.2 e.c. per beat in 
the head-up, posture. 

Wlietlier cardiac output can be measured accurately during such 
marked degrees of orthostatic hypotension as occurred in Case 1 is 
debatable. The acetylene method-'* for measuring cardiac output re- 
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T.\BLE II 

Cardiac Output ix 60-Degree HEAD-in> Posture 


CASE 

B.M.R. 

(PER 

CENT) 

BLOOD 

PRESSURE 

(ilJf. 

hg) 

PULSE 

R.ATE 

CON- 

SU.MP- 

TION 

(c.c. 

PER 

DIFPERENCE IN 

ARTERIAL AND 
VENOUS 0, 

(c.c. PER L.) 

CARDIAC OUTPUT 
(L. PER SQ. M. 
PER MIN.) 

AVER- 

AGE 

STROKE 

VOLU.ME 

(C.C. 

PER 



TEST 

TEST 

BEAT 





MIN.) 

n 

2 

AVER- 

AGE 

D 

2 

AITCR- 

AGE 

PER SQ. 
M.) 


Preoperalive 


1 

- 7 





88.8 





17.5 

2* 

-1-27 

160/134 

180/120 

96-100 

293 

58.8 


58.8 

1.83 

■ 

1.83 

18.7 

3 

■ 

176/116 

168/110 

82- 92 

252 

79.7 

68.6 

74.1 

1.70 

1.97 

1.83 

21.3 

4 

■ 

154/130 

146/116 

134-126 

193 

88.9 

85.0 

86.8 

1.44 

1.50 

1.47 

11.9 

11 

-llS 

150/104 

160/106 

84- 96 

214 

82.3 

74.0 

78.1 

1.78 

1.99 

1.89 

21.0 

Mean 

i 

m 

159/117 

160/112 


1 ^^ 

82.2 

m 





18.1 

1 


Fosfoperaii ve 


It 

•fS i 

mm 





128.7 




8.2 

2 

-424 

112/ 74 
120/ 94 

104-108 

272 

67.5 

59.5 

63.5 

2.26 

2.57 

2.41 

22.7 

3 

: + 2 

! 

154/100 

156/110 

96-100 

240 

91.7 

41.5 

66.6 

1.42 

3.45 

2.28 

22.8 

4 

-10 

124/106 

112/102 

136-124 

171 

37.3 

43.4 

40.4 

3.01 

2.59 

2.80 

20.2 

lit 

“h 0 

144/110 

138/106 

108-116 

i 

183 


49.6 

49.6 


2.64 

2.64 

23.6 



144/ .92 
118/103 

114-117 

224 

84.9 

61.7 

69.8 

1.92 

2.49 

2.24 

19.5 


•This patient was somewhat uncomfortable during the preoperative studies because 
of thoracic pain on the left side. 

fThe 45-degree head-up posture was used after operation because syncope de- 
veloped in the 60-degree head-up posture. 

jCase 11 Is not Included in the series of ten cases mentioned at the beginning of 
this report. In this case studies were limited to measurements of cardiac output. 


quires an accurate measurement of the basal metabolic rate. Jt would 
seem that this would be difficult to obtain in instances like this, when 
the patient is breathing unusually heavily in an effort to improve the 
venous return to the heart and thus avoid syncope. 

Boothby and Bynearson-® have pointed out the essentially linear rela- 
tionship between oxygen consumption and cardiac output. Harrison 
and Blalock'’® found in dogs that induced anoxia increased the cardiac 
output from 5 to 500 per cent. Thi.s, they stated, supports the hypothe- 
sis that capillary oxygen pressure is an important factor affecting cir- 
culatory minute volume. If this is true for the human being, it con- 
stitutes an important element to be considered when studies of cardiac 
output are done under conditions of marked circulatory stasis, such as 
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undoubtedly are associated Avith orthostatic hypotension after syiii- 
pathectoniy. The }narkedly sloAved circulation time in such eases is 
prohaldy associated Avith a certain degree of tissue anoxia AV'hich logi- 
cally might affect the cardiac output. Booth by and Kynearson ob- 
tained someAvhat A'ariable re.sults on succe.ssiA'c measurements of. car-: 
diac output in a case of exophthalmic goiter, and suggested that this 
Auriation may represent the instability of circulation Avhich is knoArn 
to occur in such eases. "We had .similar experiences in the present in- 
A'e.stigation, particularly after .sympathectomy. The conflicting results 
Avhich haA'e been obtained in studies of cardiac output by competent 
Avorkers, using the same jnethod, indicate the difficulties inherent in 
such .studies. 

AULUAIE OF THE LEG 

The purpose of this study Avas to note the effect of extensive .sym- 
pathectomy on the A'olume of the leg A\'hen the patient Avas in the upright 
posture. In general, Aurious AA'orkei-s^^'"' haAu observed that, in healthy 
per.son.s, quiet standing re.sults in increases in the Aulume of the leg. 
Turner and her co-Avorkers'^^ observed that this .sAvelling Avas greater in 
summer than in AA'inter. 3Iost of the .SAvcUing appeared during the first 
minute of standing. Hallock and Evam'^^ compared the .sAA'clling of the 
legs of noimal per.sons AAith that of patients A\’ho had orthostatic hypo- 
tension and orthostatic tachycardia. They felt that filtration into the 
tissue spaces Avas increased in the latter group. 

The A'oliunes of the legs of four of the present series of patient.s, 
AV'hile they Avere standing, AAure estimated before and after operation. 
The patient inserted the leg rapidly into a steel pail e.specially con- 
structed for this purpose and containing Avater, the temperature of 
Avhich Avas between 86 and 95° F. ; the Avater Avas essentially at the 
same temperatui’c for any giA'en patient before and after .sympathec- 
tomy. The patients stood as quietly as possible for three minutes, dur- 
ing Avhich time the amount of Avater Avhich OA'erfloAved through the 
s])out at the top of the pail Avas collected and measured. Bach patient 
had been supine tAvo to three hours prior to the test. 

Lnder the conditions of this te.st, all four patients after sympathec- 
tomy exhibited an apparent reduction in the A'olurne of the leg on 
standing, as indicated by the A'oIume of Avater Avhich Avas di-splaced 
(Table III), fliis decrease A'aried from 4.6 to 1.3.3 per cent of the total 
preoperatiA'c oA-erfioAv A'alue, or A'olume of the leg. The average re- 
duction in A'olume Avas 7.3 per cent. 

The metliod employed Avas rather crude, Imt it is felt that the degree 
and consistency oi the changes are significant. The patients did not 
lose more than 8 to JV/t pounds (3.G to ,5.1 kg.) betAveen studies, Avhich 
does not seem to exjjlain fully the changes Avhich Avere noted. Judging 
from our present knoAvIedge of the circulation and because of the as- 
sumption that vasodilation is increased as a result of sympathectomy, 
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Table III 

Effect of SYsrpATHECxoAiY ox Volume op the Leg: . Cubic Centimeter "Water 
Displacement, Before anb After Sympathectomy, on Standing 
IN a Pail of Water for Three ADnutes 


CASE 

TI.ME IN , 

RELATION TO 
OPERATION 

fasting 

(hr.) 

TEMPERATURE (° F.) 

OA’ER 

TOTAL 

(C.C.) 

iFLOAV IN 3 
MIN. 

1 loss 

weight 

OP 

PATIENT 

(LB.) 

MOUTH 

ROOJiI*^ 

AVATER 

TOTAL 
(C.C.) ! 

PER 

CENT 

0 • 

Before 

■■■ 

9S.G 

82-80 

95.0 

.3480 

■M 


112 


22 da. p.o. 


9S.0 

80-78 

95.0 

3320 


- 4.6 

? 

G 

Before 


9S.6 

80 

86.0 

3320 



115 . 


25 da. p.o. 

■Hi 

99.6 

80 

86.5 

2880 

-440 

-13.3 

103 J 

7t 

Before 

41 

9S.G 

80 

89.2 

3835 



125 


17 da. p.o. 

IG 

98.0 

81 

89.2 

3665 

-170 

- 4.8 

117 

S 

Before 

5 

98.6 

78 

92.1 

3520 





20 da, p.o. 

5 

! 99.0 

81 

92.1 

3290 

-230 

- 6.5 


Alean 

Before 

51 

98.G 

80 

90.6 

3539 




1 

21 da. p.o. 

7-5 

I 98.G 

SO 

90.7 

3289 

-250 

- 7.3 



♦Humidity was 40 per cent before and after operation in all cases except Cases 
7 and S, in which the humidity after operation was not knowji. 

tPatient was able to stand in a pail of water only one minute after operation 
because of impending' syncope. At end of this period, there was only a slow dribble 
of about 100 drops per minute from the spout of the pail. 

it would be logical to expect that the Volume of the leg would be 
greater after sympathectomy. Why this failed to occur cannot be ex- 
plained. One possible explanation might be that prolonged rest in bed 
incidental to the operation may have resulted in disengorgement or 
relative dehydration of the tissue spaces because of ' the decreased ex- 
jiosure of the legs to the influence of gravity, 

COJIMENT 

No one knows iviiy, as a result of the same o])erative procedure, ortho- 
static hypotension and tachycardia develop in certain cases and rela- 
tively little in others. The an.swer may lie in dilferences in constitu- 
tional make-up. It was interesting to observe that, in general, those 
patients who had the greatest postoperative orthostatic hypotension 
and tachycardia also had the greatest decreases in blood pressure and 
greatest increases in the pulse rate on being moved to the head-up pos- 
ture before operation. For the .sake of brevity, the table illustrating 
these observations was omitted from this paper. The number of cases 
studied is much too small to permit definite conclusions. Further ob- 
servations along these lines seem desirable. It may be that the reac- 
tion of the blood vessels which is due to factors inherent in thci vascular 
wall and the reaction wliieli is due to external neurogenic influences 
acting on the vascular wall are present in ditferent proportions in dif- 
ferent persons. It may. be that those patients who have marked de- 
grees of orthostatic hypotension are the ones whose blood vessels are 
affected predominantly through external neurogenic influences. In 
such cases, sympathectomy would, perhaps, remove a relatively greater 
element of vasomotor, control than when the intrinsic influences in the 
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vascular -wall exert a predominant role. The fact that patients even- 
tually recover* from the marked orthostatic hypotension indicates 
some compensating mechanism. No one knows what this mechanism 
is. It has been suggested*”’ that the syrapatheetomized vessels be- 
come sensitized to sympathin or epinephrine or similar humoral sub- 
stances. The possibility of a certain degree of regeneration of the 
resected sympathetic nerves has not been excluded.^^ 

SUMMARY AXD CON'CLUSIOXS 

Ten patients were .studied in the horizontal and 60-degree head-up pos- 
tures before and after extensive .sympathectomy for e.ssential hyperten- 
sion. The important observations were as follows : 

1. The pulse rate was definitely faster in every ease and in both pos- 
tures after .sympathectomy, 

2. When patients were changed from the horizontal to the 60-degree 
head-up posture, the systolic blood pre.ssure fell twice as much, and the 
dia.stolic pre.s.sure fell seven times as much, after, as before, operation. 

3. The difference in blood pre.ssm'e between the leg and arm was little 
affected by s^Tupathcctomy. There was a slight tendency toward an in- 
crease in this difference after .sjunpatheetomy, which was contrary to 
what was expected. 

4. Significant decreases in pul.se pressure in the arm and leg followed 
sjunpatheetomy. These decrea.ses were greatast when the patient.s were 
in the head-up posture, and especially great among those who had post- 
operative ortho.static hypotension. 

•5. The performance of the Flack test was much impaired after .sym- 
pathectomy. The greatest impairment occuiTcd when the patients were 
in the head-up posture, and among those patients who had po.stoperalive 
orthostatic hypotension. The .s>'.stolie blood pre.ssure during this te.st fell 
eight times as much, and the .sy,stolic rebound pre.s.sure was only ^w^J^- 
thirds as great after operation as before operation. 

6. The circulation time from arm to foot in the head-up po.sture de- 
crea.sed after operation in ca.ses in which reductions in blood pressui'C 
%vere minimal to fair; it increased after operation in ca.sas in which 
reductions in blood prfssure were marked. 

7. The circulation time from foot to arm was unobtainable in the 
head-up po.sture on the tilt table, apparently because of stagnation of thc 
solution used for testing in the injected limbs. 

8. Only those patients who had excellent reductions in blood pressure 
after .sj-mpathectomy had any real deerea.se in response to the cold- 
pressor test. 

9. After .sv-mpathectomy the cardiac output was apparently greater in 
both postures. However, the cardiac output was less in the head-up pos- 
ture than in the horizontal before, as well as aftei’, .sympathectomy. 
This difference was greater after operation, and was greatest in cases in 
which much postoperative orthostatic hypotension developed. 
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10. Tlie stroke volume was increased in both postures after sympatliec- 
tomy, but the stroke volume was always less when tlie patients were in 
the head-up posture. 

11. The basal metabolic rate Avas decreased in both postures after 
s:^unpathectom 3 L An actual increase in the basal metabolic rate appar- 
ently may occur while the patient is exhibiting a marked decrease in 
blood pressure in response to the head-up posture. 

12. The Amlume of the leg on standing erect appeared to be decreased 
after sympathectomy in all cases studied; the average decrease was 7.3 
per cent of the total preoperative volume. Tlie exact reason for this un- 
exiiected observation has not been discoA^ered. 
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THE CIKCULATION IN MAN IN CERTAIN POSTURES BEFORE 
AND AFTER EXTENSIVE SYIMPATHECTOMV 
FOR ESSENTIAL HYPERTENSION 


II. Effect of Certain IMechanical Agents and Paredrinol 
ON Blood Pressure and Pulse Rate’'^ 

Earl E. GA]\rBiLL, M.D.,t Edgar A. Hines, Jr., M.D.,| and 
Alfred W. Adson, M.D.§ 

Rochester, ]\'Iinn. 

I N A PREVIOUS papeF we reported some of tlie pliysiologie effects on 
the circulation of extensive splanchnic sympathectomy and postural 
change in cases of essential hypertension. Tlie studies to he reported in 
this paper were made on the same ten patients (Cases 1 to 10). In gen- 
eral, the same air-conditioned room and basic procedure, including the 
same dates of study, were employed in both instances. 

This part of the investigation was concerned with modifications of 
blood pressure and pulse rate by (1) a tight abdominal binder, (2) 
bilaterally inflated cuffs around the thighs, (3) an abdominal binder 
plus cuffs around the thighs, (4) exercise of the legs, and (5) the ad- 
ministration of paredrinol sulfate. The blood-pressure-raising effects 
of some of these agents were compared to similar effects of the cold- 
pressor test. Controlled observations preceded each of the investiga- 
tions. Each study was done before and after extensive sjunpathectomy, 
and, ill most instances, while tlie patients ivere in tlie liorizontal and in 
the 60-degree head-up postures. 

TIGHT abdominal BINDER 

The primary purpose of this portion of the studj* was to see whether 
such a binder would relieve the orthostatic hypotension and tachycardia 
Avhich often follow extensive splanchnic denervation. The word ‘‘or- 
thostatic” is used in this paper to denote any upright or partially up- 
right position in which the head is lugher than the feet. In most in- 
stances, this was the GO-degree head-up iiosture. 

Various workers^*® have noted the beneficial effects of abdominal 
compression on the low blood pressure of certain persons and of ani- 
mals under certain conditions when the upright posture is assumed. 
While studjdng vasomotor adaptation in animals. Hill, as early as 
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1895, found that abdominal comi>ression iDi-evented the syncope and 
death which resulted when animals were maintained in the vertical 
head-up posture, especially after chloroform poisoning or after splanch- 
nicectomy. Such compression restored the blood pressure, which other- 
wise fell when the animal was in the head-up position. Adson and 
Brown- and Adson, Craig, and Brown-'* have noted the beneficial effects 
of a tight abdominal binder in counteracting the hypotension which oc- 
curs on assumption of the upright position after extensive sym- 
pathectomy. 

In the present study, a many-tailed abdominal surgical binder was 
employed. Under the binder and over the abdomen were placed sev- 
eral folded towels Avhich extended from the level of the lower ribs to 
the pubic region, so that, when the binder was tightened, pressure 
Avould be exerted posteriorly and upward as well as laterally against 
the abdomen. From two to four consecutive determinations of blood 
pressure and pulse rate were made at intervals of two minutes, first 
with the patients in the horizontal, and then in the 60-degree head-up, 
posture. The binder was then released, after which one or two deter- 
minations of blood pressure and pulse rate were made while the patient 
was still in the head-up posture. The patient was then returned to the 
horizontal posture. The results were compared to the control series of 
blood pressure and pulse rate readings which had been made in each 
position a few minutes previously. In some instances, the binder was 
tightened after its release while patients were in the head-up posture 
in order to note its effect under .such circumstances. Six of the ten 
eases Avere studied before sympathectomy and all of the ten cases Avere 
studied after sympathectomy. 

Results . — The results of this study are shoAvn in Table I. Before 
operation, at the end of about five minutes in the head-up posture, the 
binder resulted in an average increase of 8 mm. Hg in the systolic, and 
4 mm. in the diastolic, pressure, and an aA^erage decrease of 3 beats per 
minute in pulse rate. After operation the effect AA'as an aA'erage increase 
in the sy.stolic pressure of 11 mm., and, in the diastolic pressure, of 8 
mm., and a decrease in the pulse rate of 9 beats per minute. The most 
striking benefit resulted AA'hen the binder Avas used in cases in AA'hich con- 
siderable orthostatic hypotension and tachycardia occurred, as in Case 1 
(Fig. 1). In the 40-degree^ head-up posture the sj'stolic blood pressure 
at the end of the control period of three minutes was 62 mm., the dias- 
tolic, 58 mm., and the pulse rate, 132 beats per minute. At this time the 
patient Avas quite pale and cold and AA’-as virtually in syncope. By con- 
trast, cA^en at the end of seA’-en minutes in this position, during AA^hich 
time the binder aa^s tightly in place, the systolic pressure Avas 106, the 
diastolic pressure, 74, and the pulse rate, 88. The binder thus pro- 
duced a net increase of 44 mm. Hg in systolic pressure and 16 mm. in 

♦This posture was used because more erect postures resulted in syncope. 
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diastolic pj’cssurc, and a decrease of 44 beats ])ei' minute in the pulse 
rate. The pulse pressure rose from 4 to 32 mm. as a result of using 
the binder. 

In Case 8 the reduction in blood pressui'e was only fair as a result 
of the operation. Before operation, when this patient was in the head- 
up po.sture, the binder had little effect on the blood pressure and pulse 
rate. After operation, how'ever, the binder re.sulted in a net increase 
of 38 mm. in ,sy.stolic pressure and 3.4 mm. in diastolic pressure, and a 
decrease of 34 beats per minute in pulse rate. With these changes, 
much less pallor, clammine.ss of the skin, and faintnc.ss were noted, and 
the patient felt much stronger. 



In all cases after opei-ation, release of the binder while the patient 
was in the head-up posture resulted in a decrease in blood pressure 
and increase of pul.se rate, often sufficient to produce mild syncope, 
lou much of this effect was due to reactive hyperemia and how much 
to other factors, such as the sudden release of mechanical support to 
the InTotonic intra-abdominal vascular bed, is not known. Both fac- 
tors were probably present. It is interesting that patients who had the 
greatest degrees of postoperative orthostatic hypotension dcidved the 
most benefit from the binder. Thus, the binder appears to correct a 
defect that is situated, at least in part, within the abdomen, and u'hieh 
is an etiologic factor in the ortho.statie hypotension. The rno.st reason- 
able a.ssumption is that this defect is e>:ce.s.sive pooling of blood in the 
dilated, hypotonic splanchnic vascular bed. The binder probably 
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counteracts this tendency by indirectly supporting or compressing 
these reservoirs. The net effect is the establislunent of a larger gra- 
dient of venous pressure between the abdomen and thorax, which 
results in better cardiac filling and a more favorable ratio of circulat- 
ing blood volume to vascular capacity. 

In Case 7 the effect of alternate tightening and release of the binder 
was observed while the patient Avas standing erect, and the results 
Avere compared AAoth control values. As in all cases AA'hich AA^ere studied, 
a tightening of the binder resulted in a net increase in blood pressure, a 
decrease in pulse rate, and an increase in pulse pressure. Release of the 
binder resulted in opposite effects. 



Pig:. 2. — ^Effect on orthostatic blood pressure and pulse rate of bilateral thigh cuffs 
in Case 1. Patient was tilted to 40-degree head-up posture. 


BILATERALLY INFL.ATED THIGH CUFFS 

In order to study further the location of the defect responsible for 
orthostatic hypotension, AA’^e desired to see whether this condition could 
be lessened or corrected by the use of tight cuffs around the thighs, Avhich 
AAwld cut off momentarily the circulation in the legs. Stead and Ebert^'’ 
felt that, in cases of spontaneous orthostatic hypotension, the vasocon- 
strictor response to a normal amount of pooling is abnormal. Other in- 
vestigators hai^e stated that perhaps there is an abnormal amount of- 
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pooling of blood when such patients are placed in the head-up posture. 
It may be that this type of hypotension is not comparable to that which 
occurs after s^unpathectomy, for in the former the pulse usually does not 
accelerate to any significant degree. 

Cuffs for taking blood pressure in the thighs were placed about both 
thighs just above the knees and inflated, while the patient was in the 
horizontal posture, to a point well above systolic pressure in the thigh. 
The patient was then moved on the tilt table to the 60-degree head-up 
posture, and, at the end of one minute and three minutes, the blood 
pressure in the arni and pulse rate were determined. One thigh cuff 
was then deflated, after which blood pressure and pulse rate were 
again determined. Then the second cuff was deflated and similar de- 
terminations Avere made; the patient then Avas returned to the hori- 
zontal posture. 

Results. — Comparison AAdth control values after symiiathectomy indi> 
cates that using the cuffs resulted in an aA^erage increase in orthostatic 
systolic blood pressure of 24 mm., and, in the diastolic pressure, of 
16 mm., Avith a decrease of 16 beats per minute in the pulse rate (Table 
n). It Avould appear that, in cases in AAdiich the greatest degrees of 
orthostatic hypotension and tachycardia occurred after operation, the 
blood pressure increased the most A\'hen the cuffs Avere employed. Thus, 
ill Case 1 (Fig. 2), the cuffs, A\ken the patient Avas in the 60-degree 
head-up posture, produced an increase of 46 mm. Hg in the systolic, 
and an increase of 20 mm. in the diastolic, pressure over the control 
A'alue. The pulse rate AA^as decreased a total of 66 beats by using the cuff. 
In contrast, in this ease, the cuffs, Avhen used before operation, did not 
produce an increase in the orthostatic systolic pressure, produced an 
actual decrease in the orthostatic diastolic pressure, and decreased the 
orthostatic pulse rate only a third as much as after operation. In all 
eases, release of one cuff, folloAved by release of the second icuff, re- 
sulted in successive decreases in blood pressure; the decline Ava.^ greater 
after release of both cuffs than it Avas after release of either cuff. 
ObAuously, effects produced by cuff's are only of academic interest, for 
it is not practical to use them therapeutically. ■ 

ABDOMIN^U/ BINDER, PLUS THIGH CUFFS 

Since both the abdominal binder and thigh cuffs increased blood 
pressure and decreased pulse rate, it seemed desirable to ascertain 
Avhat effect a combination of these agents Avould haA^e on blood pres- 
sure and pulse rate. Thej- Avere accordingly applied and used, as pre- 
Auously described, on six of the ten patients, Avhile they Avere in the 
horizontal and in the 60-degree head-up postures, before and after 
extensive sympathectomy. 

Results.— As indicated in Table III, the combined use of these pro- 
cedures on patients in the head-up posture after operation produced 
an average rise in systolic pressure Avhich Avas twice as great as before 
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operation. The average increase in the diastolic pressure was more 
than three and a half times as great, and the average decrease in 
pulse rate was six times as much after operation as before operation. 
Specifically, the cuffs and binder produced an average increase of 20 
mm. in the systolic blood pressure before operation and 43 mm. after 
operation, an increase of 7 mm. in the diastolic pressure before.- and 
of 25 mm. Hg after, operation, and a decrease in the pulse rate of 5 
beats before, and 30 beats per minute after, sympathectomy. In gen- 
eral, the greatest increase in blood imessure and slowing of the pulse 
rate after operation occurred in eases of the most severe orthostatic 
hypotension and orthostatic tachycardia, 

COMPARISOX- OF EFFECT.S OX ORTHOSTATIC BLOOD PRESSURE AND ORTHOSTATIC 
PULSE R.A.TE OF (1) ABDOMIXAL BINDER, (2) BILATER.VL THIGH 
CUFFS, (3) ABDOJIIXAL BINDER PLUS THIGH CUFFS, 

AND (4) COLD-PRESSOR TEST 

The technique for the first three procedures has already been de- 
scribed. The cold-pressor test was done according to the technique 
of one of us (Hines”) , as outlined in a previous report. As indicated 
in Fig. 3, when the patients were in the head-up posture before opera- 
tion, the binder, thigh cuffs, binder plus thigh cuffs, and cold-pressor 
test produced respective average increases in systolic pressure of 7, 
13, 20, and 23 mm.Hg. After operation, the blood-pressure-elevating 
effects of the first three agents were about twice as great, whereas the 
response to the cold-pressor test was unchanged, or, in eases of post- 
operative orthostatic hypotension and tachycardia, was even decreased. 
All agents except the cold water caused a postoperative rise in diastolic 
pressure which was two to three times greater than the effect pro- 
duced preop eratively. After operation, in the head-up posture, the 
binder did not affect the pulse rate, whereas the cuffs decreased it an 
average of sixteen beats per mijiute, and the binder plus cuffs de- 
creased it thirty beats per minute. The pulse rate Avas not counted 
during the cold-pressor test in any case. Patients who had the great- 
est orthostatic hypotension after sjnnpathectomy deriAmd the greatest 
benefit fi'om the use of these agents. Thus, in Case 1, binder and cuffs 
caused a rise in systolic pressure of 10 mm. before operation and 60 
mm. Hg afteinvard, a rise in diastolic pressure of 6 mm. before, and 
26 mm. after, operation, and a decrease in pulse rate of 16 beats per 
minute before operation and 72 beats afterward. The cold Avater 
caused a rise of 12 mm. in systolic pressure before operation and only 
8 mm. after operation. 

Comment . — If discomfort Avere important as a cause of the eleAmtion 
in blood pressure after the use of the agents named, the cold AAmter 
should eleAmte the blood pressure, for its pressor effect is presumed to 
be the result of the discomfort Avhieh it induces. If discomfort Avere 
an important factor in the effects of these agents on pulse rate and 
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blood pressure, such marked differences would not be expected bo- 
tAveen patients Avho had severe orthostatic hj^potension and those Avho 
did not have this phenomenon after sympathectomy, 

We might suggest as a possible explanation for the good effects of 
the binder and cuffs on orthostatic hypotension and oi-thostatic tachy- 
cardia that sympathectomy apparently decreases vasomotor tonus in 
a large portion of the vascular bed beloAV the. level of the diaphragm. 



The vessels, as a result, become more readily distensible under the 
influence of the hydrostatic pressure which is brought info play hy 
the head-up posture. The tonus which is inherent in the '.vail of the 
A'esscls cannot fully compensate for this force, so that, as a result, 
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the vessels in the regions affected by sympatheetomj' become more 
capacious, creating thereby an unfa^mrable disproportion between vas- 
cular capacity and circulating blood Amlume. The I’esult of this would 
probably be an impairment in venous return and in cardiac filling, 
and a decrease in blood pressure and an increase in pulse rate when 
the patient is -in the head-up posture. The increased pulse rate may 
be related to the decrease in blood pressiu'e, resulting in inhibition of 
pressoreceptive stimuli which originate in the thoracic aorta and carotid 
sinuses. The marked hypotension and evidence of defective venous 
return to the heart seem to exclude the Bainbridge reflex as a mediator 
of the rapid pulse which occurs in cases of postoperative orthostatic 
hypotension and orthostatic tachycardia.^ The slowing of the pulse 
rate, along with an increase in blood pressure when venous return is 
presumably improved by the use of a tight abdominal binder, supports 
this view. The abdominal binder probably tends partially to correct 
the defect responsible for orthostatic hypotension and orthostatic tachy- 
cardia by reducing the size of the splanchnic vascular resevoirs through 
external support to the hypotonic vessels. By this means and by the 
increased intra-abdominal pressure which the binder produces, the 
venous pressure gradient between the abdomen and thorax is presum- 
ably increased. 

The cuffs, by eliminating the vascular segment below the knee, de- 
crease the size of the vascular reservoirs and reduce the hydrostatic 
column against which the circulation must work while the patient is 
in the head-up posture. The sum total of these effects seems to be the 
establishment of a more favorable balance between vascular capacity 
and circulating ])lood volume, with resultant improvement in cardiac 
filling, cardiac output, and blood pressiu’e. Some support for this 
hypothesis is afforded by the studies of Bjure and Laurell,^^ who found 
that, when patients with marked orthostatic tachycardia stood in 
water up to the level of the heart, the pulse rate did not increase. 
Stead and Ebert^° made similar studies, and found that the blood pres- 
sure of patients who had orthostatic hypotension and orthostatic tachy- 
cardia was the same when they stood in water at axillary level as it was 
when they were in the horizontal posture. Standing in water at lower 
levels resulted in corresponding decreases in blood pressure. It is felt 
that the binder used in the present studies acted in a somewhat similar 
manner. 

EXERCISE OF THE LEGS 

It seems likely that decreased venous return to the heart is asso- 
ciated with the marked decreases in blood pressure and increases in 
pulse rate which occur when certain patients are in the upright pos- 
ture after extensive sympathectomy. We wondered if active exercise 
of the legs, in cases in which possibly excessive pooling occurred, would 
counteract orthostatic hypotension by increasing A’-enous return to the 
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heart. The importance of the venopressor ineeliaiiism in the circula- 
tion has been studied by Henderson and his associates.’"’ The role 
of muscle tonus in aiding venous return is well known. Freeman and 
Kosenbluetb’® and Pinkston and his co-workers,’'’ however, noted a 
tendency to a decrease in blood pressure during muscular activity in 
dogs after total sympathectomy. 

In the present study the patients stood still on the floor for three 
minutes. Control blood pressures and pulse rates %vere obtained after 
one and after three minutes in this position. They then rose up and 
down on the toes at a uniform rate of about thirty times a minute for 
two minutes. Blood pressures and pulse rates Avere obtained at the 
end of one and of tAVO minutes of exercise. Within one and a half 
minutes after ee.ssation of exei-cise, blood pre.s.sure and pulse rate A'.-ere 
taken again. The results Avere compared to control A'alues. 

The effect of exercise Avas difficult to evaluate because it Avas not 
possible accurately to standardize the actual amount of Avork Avhich 
was done. In Iavo instances, exerci.se could not be done because the 
patients Avere on the verge of syncope at the end of the control period 
and had to sit doAvn to avert .syncope. Bxercise apparently produced 
a greater increase in blood pre.ssurc before than after operation. The 
pulse rate during exercise increased 15 beats per minute before opera- 
tion and 12 beats per minute after operation. This difference does not 
seem significant. In three of six cases .studied, the blood pressure con- 
tinued to decrease during exercise. Only in one case did the pulse 
rate decrease and the blood pressure increase during exercise aftm* 
operation. In most cases, apparently, the good effects, if any, on the 
blood pressure of exercising the legs Avere not enough to oppose the 
hydrostatic pressau’e AA'ithin A'e.ssels AA’ith decreased contractility j'O.sult- 
ing from sympathetic denerAation. 

PAKEDRIXOL SULFATE 

Stead and Kunkel’* shoAved that a-X-dimethyl-p-hydroxyphenethyl- 
amine .sulfate (paredrinol sulfate) increases A'cnous tone and A'cnous 
pre.s.sure, sIoaa’s the heart rate, and produces hAT)ertension. We desircfl 
to see AA’hether it AA'ould be helpful in counteracting exce.ssiA'c ortho- 
static decreases in blood pressure after .sympathectomy, inasmuch a.s 
Stead and Kunkel found it beneficial in certain types of circnlatoi’y 
collapse. Accordingly, this drug AA'as given in doses of 30 to 20 mg. 
subcutaneou.sly in Cases 7 and 8 after a series of blood pressures and 
pulse rates AA'ere taken Avhile the patients were in the horizontal and 
then in the erect posture. The drug A'.'as given about two Aveeks after 
the second stage of .syrnpalheetomy, after the patients had been A'.'alk- 
ing around in the hospital for four or five days. 

In Case 7 the orthostatic blood pre.ssure Avas ,54 mm, higlier alter 
using tbe dnig, and the orthostatic pulse rate Avas 24 beats .sloAver thnti 
the control rate. Whereas the patient Avas near syncope after .stand- 
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ing for one minute before taking the drug, she had no such . difficulty 
after fifteen minutes of standing after receiving 10 mg. of paredrinol 
sulfate. There was subjective, as Avell as objective, benefit from the 
use of the drag. fShe did not feel faint, and was comfortable except 
for mild cardiac palpitation caused by the paredrinol. The results in 
Case 7 are shown in Fig. 4. As will lie seen, a decrease occurred in 
orthostatic blood pressure and an increase in orthostatic pulse rate, 



Fig-. 4. — Effect of 10 mg. of paredrinol sulfate, given subcutaneously, on orthostatic 
blood pressure and pulse rate after sympathectomy in Case 7. 

even after paredrinol had been used ; the extent of these, however, was 
less. The level of blood jiressure was raised in both postures, which 
seems to be the main effect of the drug. The net effect of the drug 
apparently. was to increase the orthostatic sj^stolic pressure 28 mm. 
and the diastolic pressure 20 mm., and to slow the orthostatic pulse 
rate 16 beats, when compared to the Control values.- In Case 8, the 
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injection of 20 nig, of paredrinol sulfate Tendered the orthostatic sys- 
tolic pressure 30 nun. higher and the orthostatic pulse rate 14 heats 
slower than the control values. It seems that paredrinol might he 
beneficial in counteracting exeessh-e decreases in blood pressure when 
certain patients stand soon after sympathectomy, at a time when vas- 
cular adjustments are still imperfect. Stead and Kunkel found, how- 
ever, that this di-ug tends to become less effective with repeated use. 

SUMMARY AXD CO.KCLUSIONS 

Ten cases of essential hypertension -were studied before and after 
extensive splanchnic sympathectomy. The folloiving observations were 
made: 

The use of a tight abdominal binder ivas of considerable benefit in 
counteracting excessive degrees of postopei*ative orthostatic hypoten- 
sion and tachycardia. To be effective, the binder must be properly 
applied. The fact that the binder had little effect preoperatively or 
postoperatively in those cases in which orthostatic hypotension and 
orthostatic tachycardia were not great, but did increase the blood pre.s- 
sure and slow the pulse rate after operation in cases in which these 
phenomena occurred, sugge.sts that the defect re.sponsible for this con- 
dition lies, at least in part, within the abdomen. 

Cuffs tightly applied above both knees in order to cut off the circu- 
lation to the legs tended to elevate the blood pressure and slow the 
pulse rate. This effect was greater after, than before, sympathectomy, 
and was grcate.st after operation among patients who had the greatest 
degrees of orthostatic hypotension and tachycardia. 

The combined use of an abdominal binder and thigh cuffs had a 
greater blood-pre.ssure-raising and puLse-slowing effect than either pro- 
cedure alone. The effect of the tight abdominal binder, thigh cuffs, 
or both, in counteracting oilho.stalic hypotension and tachycardia was 
due chiefly to factors other than the discomfoi't which was induced by 
these agents. 

Exercise of the legs did not produce a conclusive effect on ortho- 
static blood pre.ssure and ortho.statie pulse rate. 

Paredrinol .sulfate definitely raised the level of the po.stoperative 
blood pressure in the hoi-izontal and erect posture.s, and alleviated rno.st 
of the symptoms which ofherwi.se resulted when patients were in the 
erect posture. It i-educed somewhat the amount of orthostatic de- 
crease in blood pre.ssure. It may be helpful, therefore, in counteract- 
ing excessive degrees of ortho.statie hypotension when patients begin 
to walk soon after .sympathectomy. 


REFEREXCE.S 

1. Gfimbill. E. E., E. A., Jr., and A^3Hon, A. W.: Ttie Circulation in Man 

Certain Po.-turc*' Before and After Exteni<ive .SyrnpatlicctOTtiy for E'->Pnfinl 
Hy|.erten=ion. 1. Phy.eiologic Agent?, A.'i. A. 27: SGO, 1U44. 



GA]MBILL ET AL. : EFFECT OF POSTURE ON CIRCULATION. II 395 

2. Adsoii, A. W., and Brown, G. E. : Malignant Hypertension Treated by Section 

. of the Anterior Spinal Nerve Roots: Report of a Case, Proc. Staff Meet., 
Mayo Clin. 8: 739, 1933. 

3. 'Adson, A. W., Craig, AV. McK., and Browai, G. E. : Surgery in Its Relation 

to Hj'pertension, Siirg., Gj-nec. & Obst. 62: 314, 1936. 

4. Adson, A. W.. and Brown, G. E.: Malignant Hj'pertension: Report of Case 

Treated By Bilateral Section of Anterior Spinal Nerve Roots From the 
Sixth Thoracic to the Second Lumbar, Inclusive, J, A. M. A. 102: 1115, 
1934. 

5. Ellis, L, B., and Haynes, Florence AV.: Postural Hj^ertension AVith Particular 

Reference to Its Occurrence in Disease of the Central Nervous System, 
Arch. Int. Med. 58: 773, 1936. 

6. Hill, Leonard: The Influence of the Force of Gravity on the Circulation of the 

Blood, J. Physiol. 18: 15, 1895. 

7. MacAYilliam: Quoted b}' Hill. 

8. Rov and Adami: Quoted bj” Hill. 

9. Turner, Abby H., Newton, Jf. Isabel, and Hayuies, Florence AY.; The Circula- 

tory Reaction to Gravity in Health}* Y’oung AA’^omen: Evidence Regarding 
Its Precision and Its Instability, Am. J. Physiol. 94: 507, 1930. 

10. Stead, E. A., Jr., and Ebert, R. A^.: Postural Hypotension; Disease of Sym- 

pathetic Nervous System, Arch. Int. Med. 67: 546, 1941. 

11. Hines, E. A., Jr.: Technic of the Cold Pressor Test, Proc. Staff Meet., Mayo 

Clin. 14: 185, 1939. 

12. Bjure, Alfred, and Laurell, Hugo: Om abnorma statiska cirkulationsfenomen 

och diirmed sammanhiingande sjuklega symptom. Den arteriella ortho- 
statiska aniimin en forsummad sjukdomsbidd, TJpsala liikaref forh. 33: 

I, 1927. 

13. Henderson, Yandell: The Atelume of the Circulation and Its Regulation by the 

Atenopressor Mechanism, J. A. M. A. 97: 1265, 1931. 

14. Henderson, Yandell, Oughterson, A. AY., Greenberg, L. A., and Searle, C. P.: 

Muscle Tonus, Intramuscular Pressure and the A^enopressor Mechanism, Am. 

J. Physiol. 114; 261, 1936. 

15. Freeman, N. E., and Rosenblueth, A.: Reflex Stimulation and Inhibition of 

A^asodilators in Sjunpathectomized Animals, Am. J, Physiol. 98; 454, 1931. 

16. Pinkston, J. 0., Partington, P. F., and Rosenblueth, A.: A Further Study of 

Reflex Changes of Blood Pressure in Completely Sympathectomized Animals, 
Am. J. Physiol. 115: 711, 1936. 

17. Stead, E. A,, Jr., and Kunkel, Paul: Mechanism of Arterial H}*pertension 

Induced by Paredrinol (a-N-dimethyl-p-hydroxyphenethylamine), J. Clin. 
Investigation 18: 439, 1939. 



COMPARISON OF TOTAL VIBRATIONS OBTAINED FROM A 
NORMAL, RAPIDLY DYING, HUMAN HEART WITH THOSE 
OBTAINED IN CHRONIC MYOCARDIAL DISEASE 

AViLLiAjr B. Kountz, M.D., and Sydxicy T. Wiught, M.D. 

St. Louis, jMo. 

With thk Technical Assistance of R. E. Stukm 


C linicians have long recognized that heart sounds may vary in 
quality.^’ - These alterations have often been defined as sounds of 
poor, fair, or good quality. The significance of the changes lias never 
been ivell understood. 


It was noted, when we were studying revived liunian liearts several 
years ago, that tlie heart sounds varied when the bell of a stethoscope 
was directly on the heart.^ In the early period of revival the sounds 
were relatively long and low in pitch, and, as the ability of the heart to 
contract improved, they became .short and higher in pitch. These ob- 
servations that the sounds varied as the function of the heart improved 
led us to consider the advisability of recording them as a clinical method 
of estimating cardiac function. After study of the literature^'® and 
direct stethoscopic observations, a correlation of cardiac sounds and 
function seemed justifiable. 

Many attempts had been made to correlate heart function with heart 
sounds,”’ ® and different results were noted in the literature."’ The 
logical reason for such a disordered .state of thought seemed to be thal 
too much attention had been paid to the auscultatory group of, vibrations 
and not enough to the total gi’oup. It therefoi’c seemed advisalilc to 
record all the vibrations produced by the heart, whether audible or in- 
audible, rather than focus our attention on the audible group alone. It 


was felt that finer changes in the fundamental heart tones might be de- 
tected in such detailed study. Therefore, in order to explore this possi- 
bility, an insti-ument (pieviou.sly described’^ designed with a 
special dynamic mierojihone which actuates a cathode-ray tube, the move- 
ments of which are photographed on moving paper. With such an ar- 
rangement there are no lags or overshoots, and a true reproduction of 
all vibrations from 1 to 500 cycles pej’ second is obtained. 

In addition to the total cardiac vibrations, the instrument records 
the on.set of ventriciilar systole. ].iead wires attached to the arms or arm 
and leg of the subject actuate the cathode-ray tube Iw the electro- 
cardiographic R-wavc voltage. This produces a straight vertical line in 
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the vibroeardiogTaiD at the onset of ventricular systole. The R-wave 
marker makes it easy to identify the cycle of the heartbeat by keeping 
the systolic phase oriented.^^ 

A number of observations have been made with the instrument. Those 
by Smith, Konntz, and Edwards^^* have shown that variations in 
vibration complexes do occur when the microphone is in direct contact 
with the dog’s heart and the physical state of the latter is modified. The 
results of such controlled studies cannot lie applied clinically for the 
reason that the chest cavity must modify the vibrations to some extent. 
It is necessary, to establish uniformity of technique when the human 
heart is studied in the chest. 

JIETHOD OP STUDY 

The technique for taking records consisted of placing the subject on 
liis back with the chest exposed, and the microphone on the thorax at any 
desired point. Arbitrarily we chose for this study patients whose chests 
were considered to be nonnal in contour. "We used the four uisual 
auscultation areas for obtaining total cardiac vibration curves. 

In comparing the tracings of total cardiac vibrations from a large 
number of normal subjects and patients with outs])oken or questionable 
heart disease, it was found that definite changes in the curves occurred 
when the myocardium was weakened or dilated. Briefly, these changes 
were characterized by a prolongation of the first vibration complex which 
occurred at the onset of S 3 ’'stole and embodied the first heart sound and 
the appearance of large, slow, inaudible waves throughout the tracings. 
A preliminary study of these tracings has already been presented.^- 

In order to study these phenomena in greater detail, it was decided 
to approach the problem from a more basic angle. Since the heart, 
whether normal or diseased, attempts to adjust its output to any change 
in circulatory demand, a change in the force of the apex beat may often 
be appreciated. Tracings of total cardiac vibrations may likewise be 
considerably altered after activity or rest. These considerations empha- 
sized the need of establishing a base line from Avhich all records might 
be compared bj’’ first obtaining vibrocardiograms with the patient under 
basal conditions. The following procedure was then adopted : 

A group of normal persons (100) and another group of patients 
wth definite myocardial disease, hypertensive and coronary disease 
(35) were selected. A third group of 30 patients who were .suspected of 
having early myocardial disease, or who had debilitating disease which 
might affect the myocardium, was also chosen. Each patient was asked 
to appear at the laboratory before breakfast and to lie down for an hour 
before the basal vibrocardiogram was recorded. After the record was 
obtained, the subject was given moderate exercises, and another record 
was taken. In all cases the tracings were obtained from the aortic, tri- 
cuspid, mitral, and pulmonic areas, and are shown in that order in the 
curves. The position of the pickup unit of the vibrocardiograph Avas 
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carefully marked on the patient’s chest when the basal curves were ob- 
tained; the unit was placed at exactly that point when the record was 
made after exercise. 


THE DYING HEART 

In a further analysis of the influence on the curves of <he physical 
and functional state of the heart, it .seemed to us important to follow 
a normal human organ through its agonal period. We w'ere able to make 
such an observation on a convict Avho died in the lethal gas chamber 
at the Mi.ssouri State Penitentiary. In this instance the subject wus 
sitting wflien the control and agonal records w'cre taken. Because of 
the straps ■which held the patient in the chair, the pickup wms placed 
over the mitral area only. In addition to the vibrocardiogram, the 
second lead of the electrocardiogram -was taken. In the observation on 
the convict’s heaid avc could trace the development of myocardial weak- 
ness under conditions of anoxemia. 



Klfr. 1.— Curve A a controlled vibrocardlosratn of the convict The 

nuirkerf-- are indicated. .Marhed «inu.s arrj thmia wa.s present. The heart rate 
about S5 beats per minute. 


Curte B was taken 20 .‘•econds after exposure to cyanide. There was an inerj^wc 
in heart r-ate to about 110 bfsits per minute, and .slitrht spreading of the sec/in i 
component of the first vibration complex occurred. 

Curve C. taken 30 seconds after exposure to cyanide, .shows slisht slov.inK of the 
heart (rate, S7). There is definite .spreading of both the first and second complexes, 
with the loss of some of the finer vlbnUion waves. There Is in addition, a fiUicKcn- 
ing of the heart beat, and the second sound approache.s closer to the first, ixv' 
frpfnu*ncy vibration wavoi* are noted. 


KESCI.TS 

Fig. 1, Curve A, shows the control record which was taken over the 
mitral area on a peison wlio was dying under conditions of anoxemia. 
The flrst sound, as in all normal records, may be divided into tivo 
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phases. The first consists of the two majoiv ’vfibration waves which im- 
mediateh' follow the electrocardiographic E wave and fall in the early 
part of the fii-st sound. They are relatively high and steep, and represent 
the fii-st audible portion of this heart sound. The second phase consists 
of waves of less frequency and amplitude. A steplike decline is thus 
fairly characteristic of the first sound over the mitral area. 

Curve B, obtained 15 seconds after exposure of the eomdct to cyanide, 
shows a widening of the first phase of the first vibration complex. A 
slight change in the position of the man’s head occurred at this point. 
The body position was not changed. Additional waves developed in mid- 
systole, and some increase in heart rate occurred. 

Cuiwe C, taken 45 seconds after exposure to hydroeyanide acid gas, 
shows a further increase in tlie height of the first vibration component of 
the first complex, and a relative decrease in the second sound. There is 
some increase in auricular vibrations. 



xTigr 2 Curve D, taken one minute after exposure to cyanide, shows a definite 

spreading of all the first vibration complexes, with a negative movement of the 
cathode-ray as it approaches the second sound. . , , ^ „ 

Cur\'e E taken iy> minutes after exposure to cyanide, shows the development of 
low-frequency waves “with each heart beat. The R w'aves may be seen preceding 
systolG 

Curve F taken 2 minutes after exposure to cyanide, is difficult to analyze, but, 
compared to the sjmchronized electrocardiogram, the R wave falls .at the point 
labelled R. Throughout the contraction phase of the heart, low-frequency waves are 
seen The second heart sound is masked by a gross slow movement of the cardiac 
vibrations. The finer vibrations are considered to be respiratory in origin. 

Curve G-, taken 2% minutes after exposure to cyanide, shows the terminal gross 
movements of the heart. Relatively few vibrations are present. The fogging of the 
curv'e is due to the ammonia gas which was introduced into the chamber to neutralize 
the hvdrocyanic acid gas. 
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Fig. 2, Curve J), shows a definite ,sj)]-eading of the first and second 
components of the first sound complex. The second sound lias increased 
in intensity and its components have widened. This feature, however, 
was not consistent, and, since some re.spiratoTy spasm was present, may 
have been due, in part, to the changes in the air content or the chest. 



Fig"* 

msre, ZA and Sn.— VlTirocardio^rrarns of a normal subject under 
and after activity. The auscultation aieas from v.-I)icii the record was obUiinm are 
Snalcxitca. R-wavc njarkcrrf- arc indicated on oach cur\*e. 


CuiA'e E, taken 2^/^ minutes after exposure, shows definite slowing of 
the heart. In the first complex there are lo.ss of tlie fust vilnation com- 
ponents and an aiiparent widening hy fusion of tJie first and tliird one.s. 
Low frequency waves may l>e .seen coming in at this point. The fiixt 
change noted in the eleetrocardiogi-am occurred at tliis time, and aj»- 
peared i-ather .suddenly as a lowering and flattening of the T wave. 

Curve F, taken 3% minutes after e.xposure to cyanide and 30 seconds 
after the final respiratory effort, .shows low frequency systolic and 
dia.stolic waves. Tiiese waves are not. unlike tiio.se found in experimental 
animals and in patients with acute coronary artery occlusion. 

Fig. 3 .shows the vihi-ocardibararn of a noiinal sub,1ccl under ba.‘s'ii 
conditions and after activity. Definite clianc'cs of two types may be seen 
in the curve. First, the initial vibration complex, beginning with ven- 
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triciilar systole, is more sharply defined after activity, and, compared 
■with the normal curve, the vibration gronp as a whole tends to be of 
slightly lesser duration. These particular changes almost invariably 
occur in tracings from normal subjects. Occasionally one sees low-fre- 
qneney waves in systole and diastole, often most prominent at the aortic 
or tricuspid areas. In the present series, this occurred in five cases. 




However, when there are low frequency waves in the basal cuiA^es, they 
tend to diminish or disappear entirely in the tracings after activity. 
From an examination of the curves, one finds that, in persons who appear 
to be normal, activity results in an intensification of the first vibration 
complex, which becomes sharper and more steep, and is broken by quick 
movements of the lieam. The second licart sound vibrations likewise be- 
come sharper by virtue of an increase in blood pressure. 

Vibrocardiographic curves from patients with m^meardial disease 
(hypertrophy and dilatation) shoAved constant modifications. 

A typical curve from this group of patieiits is shoAvn in Fig. 4. The 
curve was obtained from a 66-year-old Avoman aaAo had been treated 
for gall bladder disease, but had suddenly suffered extreme preeordial 
pain, a gradual fall of blood pressure, and fcAmr. Electrocardiographic 
studies, made at that time, shoAved definite evidence of myocardial in- 
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farction. A kymojjram six weeks later revealed no general cardiac en- 
largement, but showed reduced excui’sions of the heart and aneurysmal 
dilatation of the left ventricular walL The vihrocardiogi-am which v.as 
taken under basal conditions was in marked contrast to a normal cun-e 
(Fig. 3). The most interesting feature of the tracing is the prominence 
of large, low-frequenev waves which dominate the first and second vihjn- 
tion complex. As clearly shown in the illu.stration, the comydexes ap- 
pear spread, with rounded peaks. Indeed, when one listens to such a 
heart the first sound often seems muffled and di.stant and of “poor 
quality.” When the patient had been “active” throughout the morn- 
ing, the changes in the curves were usually even more accentuated. The 
low-frequency, inaudible waves became more prominent, and the first 
vibration complexes wei'c more blunt and spread. Tlic entii'e tracing 
appeared to consist largely of rounded waves and low amplitude ripples 
of various frequencies. Those changes in the conformity of the curve 
persi.sted even though the pul.se rate was at nearly the .same level as 
when the patient was under basal conditions. 

Patients who showed changes in the vibrocardiograms alone make up 
our third group. This group, eomi-sting of <30 patients, presented .s.^mip- 
toms which pointed to .some myocardial impairment, but were not severe. 
Ten of the patients suffered from a mild fonn of angina pectoris. The 
others had rheumatic or .syphilitic heart disease or showed evidence of 
early cardiac weakness a.ssociated with hypertension. Some had severe 
anemia or infection, without definite clinical evidence of cardiac, di.sca.se. 
Vibroeardiogi’aphie records were obtained on all of these patients be- 
fore, or immediately after, treatment had been in.stitutcd. 

In some of these patients, “abnormal” changes were evident in the 
curves taken under basal eondition.s, but, in others, alt<iration.s in the 
eun'es were brought out only after the patients had been active. 

Fig. .5 .‘••hows a typical instance of these changes in the vibrocardi- 
ographie curves from a subject with no clinical evidence of heart di.sea.se. 
This patient, a 2S-year-old white woman, was under tjcatment for pri- 
marj' anemia, .sypliili.s, and general undcrnulritiori. At the lime the 
record wa.s made the eiythrocyte count was 3 , 000 , 000 , and the hemo- 
globin was 63 per cent. The kymogram showed that the heart wa.s ot 
normal size, with exeuj-sions of e.s.sentially normal .scope. The eleetro- 
eardiogram was eonsidered indeterminate. The curve of total cardiac 
%'il)rations which was taken under hn.sal eondition.s showed somewhat 
abnormal contour of llu- deflections; the fiis'l vibralioj] comple.ses were 
tall and .somewlial s}>r(.‘ad. After activity, the curves recorded from the 
-same locations on the ehe.sl wall were definitely altered. The first vibra- 
tion complexes wei'c marked by ,s'lope.s of l<*s.ser .s!eej>nes.s, and large, 
inaudible waves occurred in systole and diastole. Tin- latter simulated 
tfic ebanges seen in adv;incf;<I njyoca?-dial disr-ase. and were not uidike 
some of llie waves reeorded from the dying huniaii heart. Since it i? 
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evidence c^f heart ^ vibrocardiogram of a patient who had only slight clinical 

indicated auscultation areas and R-wave markers are 

there was some spreadine^of^tne^m ^ow-frequency waves became more prominent, and 
spreaaing of the first vibration complex m the aortic and tricuspid areas. 
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laio^vn that, the lieart may suffer from one or all three of the debilitating 
conditions Avdiich this patient presented, it was considered probable that 
these alterations were due to secondary changes in the heart muscle, 

DISCUSSIOX 

One should not forget that total cardiac vibrations may be expected 
to differ from heart .sound vibj-ations alone. The type of curve and the 
component parts are entirely different. The inherent difference between 
total cardiac vibration records and audible records .should be borne in 
mind when one attempts to analyze the curves.’-' 

The normal vibrocardiogram, from any auscultation area, consists of 
vibration components which may be roughly divided into two dominant 
vibration groups! 

The fir.st group of deflections immediately follows the R-wavc marker, 
and begins with the onset of ventricular contraction. The vibrations 
are tall and peaked, with steep .slopes which repi-esent the audible ele- 
ment of the first heart sound. The .second heai-t sound, which is caused 
by clo.sure of the semilunar valves, is i-eeorded as a group of sharplj' 
pointed deflections, sharper in profile and of somewhat lesser duration 
than the first vibration group. A number of small “preliminary waves” 
frequently occur in advance of the first vibration (.pj.st pi-eceding the 
R-wave marker), and are thought to be due to auneular contraction; 
the preliminaiy waves are usually bast seen in tracings fi-om the tri- 
cuspid area. In about 5 per cent of normal tracings, very low frequency 
ripples, below auditory level, occur. In mo.st curves, these low, .smooth 
undulations seem to be in phase Avith each other and with the onset ot 
systole. The phenomenon is usually more prominent in pej-,sons Avho are 
debilitated. It is in the chai-actcr of these low-frequency, inaudible 
AvaA-es that the mo.st .striking changes occur iJi myocardial di.seasc. 

It is to be emphasized that, in our case.s, the changes in A*ibrat;on com- 
plexes and the appearance of large, sIoaa' AA-aves in patients avIio Avere 
knoAA-n to have myocardial disea.se Avere frequent before the institution 
of therapy. As our vibrocardiogi-aphie .studies j)rogressed, it became 
CA'ident that patients aa-Iio had suggestiA'c or outspoke!) signs of )uyo- 
cardial disease, but shoAved no other laboi-ato)'y abno)*malities indicating 
cardiac abnonnality, often exhibited changes in the total vibration 
cui-A'es. The changes Avent so far as to be compai-able to tho.se fi’om pa- 
tients AA'ith definite heart disease. Some patients aa'Iio had no signs of 
heart disease, but AA'ci’e suffering from .seA'ere anemia or infections AA'hich 
affect the heart muscle, frequently .shoAA'cd A'ibrocardiographie changes. 

The variation of total A-ihrations of the heai't wiicn the physical and 
functional state deelinas is established. The dying human heart under 
conditions of ano.xemia pi-oduces a continuous change in the pattern of 
total cai-diac vibration cui-a'cs. These A'ibration complex curA'cs haA'c 
a general resemblance to those obtained fiorn the pi-ccoi-dial area of i)a- 
tients AA'ith heart disease. 
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Tlie chest does iiiodity the experimental and clinical cardiac vibra- 
tion curves. The chest factor is, however, fairly constant, and, pro- 
vided the shape of the chest is normal, and re.spiration is quiet, only 
minor variations are attributable to respiratory factors. An extreme 
variation in the relationshi]) of the heart to the chest wall does modify 
cardiac vibrations, and precaution should be taken to eliminate this in- 
fluence. The curve of the total cardiac ^^brations from a normal chest 
without respiratory effort has been sufficiently constant to be considered 
standard, and thereby to establish a general pattern, as has been pre- 
viously reported. 

The fact that, the cardiac vibrations are extremely sensitive to varia- 
tions in the physical and functional state of the heart suggests the ])os- 
sibility of their use in the earl.v recognition of heart disease. Our ob- 
servations indicate that changes in \'ibrations occur early in heart dis- 
ease, and suggest that furthei* stud.v and clinical correlation should be 
directed to establishing their value in early heart disease. Attempts 
must be made to bring the degree of cardiac and chest activity to a 
minimum. Hence the basal state is important. Changes in the curves 
produced by, graded, iiicrea.sed activity of the subject throws light on 
a heart's ability to respond to an increased load. Such changes in the 
total cardiac vibration curves as spreading of the first complex, decrease 
ill the amplitude of the first complex, and development or increase of 
low frequency waves during systole or diastole occur when the work of 
the heart is increased. 

SUJniARV 

The cuiwes of total cardiac vibrations, recorded by means of a cathode- 
ray tube, were obtained from a dying convict’s heart, from persons who 
were known to be normal, from patients with heart disease, and from 
persoiLS who were suspected of having heart disease. The changes in the 
total cardiac vibrations from the djdng human heart and from patients 
with heart disease have similar features. Spreading, especially of the 
first , and second components of the first complex, was noted. Low-fre- 
quenej’ systolic and diastolic waves developed under both clinical and 
experimental conditions, and suggested, as had been previously sus- 
pected, disordered cardiac function. 

The authors wi.sli to express tlieir appreciation to Paul 25. Kaiser, Warden 
of the Missouri State Penitentiaiy, and. to the many officials who made possible 
part of this study. 
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THP] DEJjAYBD diastolic mueiuur associated 
WITH VENTRICULAR ECTOPIC BEATS. 
PHONOCARDIOGRAPHIC STUDIES 


IIexrv Wkyler, ]\I.D. 

Providexce, R. I. 

I T IS ■well known Unit wlien vejitvicnlar ectopic beats occur early in 
diastole, the diastolic phase of the normal beat is ro])laeed by the 
ectopic beat. However, under tbc.se same conditions in mitral stenosis 
and aortic insuftieiency, in which there is a diastolic murmur, there is a 
delay in the appearance of the murmur. The diastolic murmur is now 
found during the diastolic jihasc of the ventricular ectopic beat. This 
same delay will probably be found in dia.stolic murmurs associated with 
corre.sponding lesions of the tricu-spid and pnlmojiaiy valves. If one is 
not acciuainted with this delay in the appearance of the murmur after the 
normal beat, one may think that all the sounds heard din-ing ventricular 
extrasystoles arc part of the ecto])ic beat. 

Phonocardiograms were taken to illustrate the delayed murmur.s. The 
first illustration was taken with the electrocardiogram as a refei'cnee 
tracing (Fig. 1). Sound traciJigs were taken at the apex to show the 
delayed diastolic murmur in mitral .stenosis. The second set of records 
was made at the same area, with the apex cardiogram as a reference 
tracing (Fig. 2). The third set was taken at the second right interco.stal 
space to .show the delayed dia.stolic murmur in aortic regurgitation 
(Fig. 3). In this .set the jugular tracings were used for reference. 

The u])])er ]')honocardiograms in each set were made by the stethoscopic 
method, and the lower by the logarithmic method described by Rap])aport 
and Sprague.^ The numbers 1 and 2 indicate the first and second heart 
sounds, and s.m. and d.m. indicate the type of murmur. 

All of the records were made on the same patient. He was a 27-year- 
old white man who had mitral stenosis and imsufficiency as well as aortic 
.steno.sis and insufficiency. The electroeai’diograms showed auricular 
fibrillation, ventrienhn* ectopic beats from multiple foci, coupling, and 
right axis deviation. He had had too much digitalis. After the digitalis 
was stopped, the etcopic beats disappeared. At this time he had the 
usual murmurs in their regular places. 

It is to be noted that there was an accentuation of the mitral diastolic 
murmur during the rapid inflow of blood into the left ventricle in the 
diastolic phase of the ectopic beat. 

_ From the Rhode Island Ho.spital and Providence Lying--Tn Hospital. 

Received for publication April 23, 1943. 
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This same amini nation has been noted diii'inu’ the lime of rapid in- 
flo\Y in mitral stenosis Avithoiit ec'topic beats. 3'hei'e is al.so an increase 
of loudness at, the time oi! the aurieiilar beats. Peri(*ardial friction rubs 
show the same eharactei'isties. Therefore, in intefj^retinsx ])!ionoc‘ardio- 
grams, as well as elect roeai'diograms, one should know the clinical find- 


ings. 

Although there was aortic regurgitation in this case,, the ])redominant. 
murmur at the a]iex was that of mitral stc'uosis. The murmur began 
a short interval after the second .sound, and oecurj’cd for the most i^art 
in the dia.stoles of the ecto])ie beats because of tlie coipiling in this ca.se. 

Tlie aortic diastolic murmur was of higher frequency, and followed 
directly aftei- the second sound in the ectoj)ic beats, .ju.st a.s it. does with 
normal sinus rhythm. 

The low frc(iuency murmui- Avas best illustrated in the t racings *made 
by the slethosco])ic method. Since the aortic diastolic murmur was 
of highoi’ frequency, it was Ix'.st .seen iji the tracings taken by the 
logaritlimie met hod. 


SU.AniAKY 


By a delayed diastolic murmur is meant a murmur that cannot come 
at its usual time in diastole becau.se of the oecimynce of ventricular 
ectopic beats. Therefore, the murmur is delayed until the diastolic phase 
of the extrasystolc. 

This delayed murmur is usually not recognized because it comes so 
long after the normal 1)eat. and the sounds are associated with the ectopic 
beat itself. 

Phonocardiograms wei-e made to illustrate this point in both mitrcil 
stenosis and aortic regui'gitation. 

The ])ossibility that such delayed dia.stolie murmui's may also be asso- 
ciated with lesions of the right, side of the heart is suggested. 


KEFERlCNCn 

1. Pappaport, At. B., aiul Sprague, II. B.: Tlie Onipliie Regi.^traiioii of ihe Normal 
Heart. Sounds, AAr. Hkaut .1. 23: o91, 1042. 



Clinical Report 


MYOCARDITIS CAUSED BY EPIDEMIC PAROTITIS 

]\rA,JOK j\lARTIX I'l. WkKDKOS, AIeDICAL COKKS, AND 

AIajor Johx Noli,, Jr., AIedical Corps 
Araiy of the United State.s 

INTRODUCTION 

E PIDEAIIC parotitis has been recognized as a clinical entity since 
antiquity, and such complications as orchiti.s, meningoencephalitis, 
and ])ancreatitis have been reported by many medical observers since 
that time. However, it was not until 1918 that attention was fir.st called 
to the po.ssibility that myocarditis might I'csult therefrom. In that year, 
Pujol,* a French military surgeon, descj-ibed three eases in soldiera, 
in which, because the patients developed dyspnea or substenial pain after 
recovery from mump.s, he sii.spceted that the myocardium had been 
affected by that disease. Unfortunately, no electrocardiographic studies 
or other corroborative data were available at that time. In 1932, the 
examination of post-mortem material jirompted Alanca- to .state “the 
mumi).s vims can attack the heart, and the lesion consists of an acute 
intei-stitial myoeai'ditis, especially characterized by a fibrinous exudate 
which difi'erentiates it from other fonns of myocarditis, and may be 
considered as a peculiarity of this infection”; this definitely e.stabli.shed 
the pos.sibility of cardiac comjilications in mump.s, Neverthelc.s.s, the 
electrocardiographic demonstration of such a complication during the 
convale.scent period of munqis has, until now, been lacking. For this 
reason a cardiac survey of fifteen .soldiers who were recovering from this 
illness was undertaken by the authors. In tins group, one instance of 
acute myocarditis was discovered. Tin's is described in detail because 
it.s importance is obvious, not only to civilian practitioners, but also to 
militaiy .suigeons who cncountei" mumps in the epidemic proportions 
^\hi<'h it trcquently as.sumcs in time of war. 


Ca.se report 

sohlicr was admitted to the .Station Ho.spital, AAFTTC 
t .tiieago, March 2 :*., 194:5. because of a sv/elling under the left side of 
UK- jav. and m iront ot the j-iglit car. This swelling had fii-st been noted 
* Ihe patient the day before. He liad otherwise been well. His past 
medtcal tn.story was essentially uninqiortant, and he never suffered from 
joml p ains, elioiva, or heart disca,se. Physical examination at the time 

Ercitn Use csinlinc j'.'.'lC.n 
Chic.-i/ro'. til. 

tor tiutAifiilion July t. 1543. 


Ut.! in».(nfs,'»l porvlcf. Station HoMpiliil. AAFTTC, 
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Tabt^E I 


SIGNIFICAJIT 

DATE ELECTROCARDlOGRAPinc 

DATA 

3/S0/43 Heart rate, 48; flattening- Temperature normal; clinical ex- 8 tli 

of T;; inverted Tj; P-R, amination of heart negative; par- 
0.16 sec. otid su'clling almost entirely ab- 

~ sent: no arthritic manifestations 

4/ 4/43 Heart rate, 68 ; T- up- Temperature normal; all parotid 13th 

. right; Ta diphasic; P-R, swelling has disappeared; clinical 
0.16 sec. examination of heart negative; no 

^ arthritic manifestations 

4/ 8/43 Heart rate, 63; T- up- Temperature normal; teleoroentgenograrn 

right; Tj diphasic; P-R, reveals normal heart; clinical examina- 
0.16 sec. tion of heart negative; no arthritic man- 

ifestations . 

4/13/43 Heart rate, 68 ; T, up- Temperatui-e 100° F. all day; clinical ex- 
right; Tj diphasic; amination of heart negative; sedimenta- 

P-R, 0.28 see. tion rate, 42 mm. in one hour; no arth- 

ritic manifestations 

4/14/43 Heart rate, 83; T, up- Temperature normal; sedimentation rate, 

right; Ts diphasic; 34 mm. in one hour; no arthritic man- 

P-R, 0.28 sec. ifestations; clinical examination of heart 

negative 

4/17/43 Heart rate, 68 ; Tj up- Temperature normal; sedimentation rate, 25 

right; Tj upright; mm. in one hour; clinical examination of 

P-R, 0.32 sec. heart negative; no arthritic manifesta- 

tions 

4/23/43 Heart rate, 80; T. up- Temperature normal; sedimentation rate, 20 

right; T 3 upright; P-R, mm. in one hour; no arthritic manifesta- 
0.20 sec. tions, clinical examination of heart neg- 

. ative 

5/4/43 Heart rate, 68 ; T. up- Temperature normal; .sedimentation rate, 12 

right; Tj diphasic; P-R, mm. in one hour; no arthritic manifesta- 
0.16 sec. tions; clinical examination of heart neg- 

ative 

5/18/43 Heart rate, 70; T- up- Temperature normal; sedimentation rate, 10 

right; T 3 diphasic; P-R, mm. in one hour; no arthritic manifesta- 
0.18 sec. tions; clinical examination of heart neg- 

ative 



Table n 

Effect of Atropine Sulfate (Gr. Administered Intramuscularly 


interval after exhibition of 

atropine sulfate 

Control (before injection of 

drug) 

10 minutes after 

20 minutes after. 

30 minutes after 

40 minutes after 


electrocardiographic data 

Normal sinus mechanism; P-R, 0.30 sec.; heart 
rate, 83 

Auriculoventricular dissociation; auricular rate, 
79; ventricular rate, 88 

Normal sinus mechanism; P-R, 0.24 sec.; heart 
rate, 107 

Normal sinus mechanism; P-R, 0.28 sec.; heart 
rate, 125, 

Normal sinus mechanism; P-R, 0.36 sec.; heart 
rate, 142 
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On j\I;ireli 30, 1943. ;i routine elect roeardiogram ivas olitained (Fig. 
1, A). . It Avill be noted that tlie only abnonnalities consist of flattening 
of the T wave in Lead IT and sinus liradyeardia. In a subsequent electro- 
cardiogram, fiA'c days later, the abnormal T ]iattorn and l))-adycai‘dia 
had disa])i)earod. On A])ril 13, 1943, the electrocardiogram showed first 
degree A-V heart block, with a P-R interval of 0.34 second (Fig. 1, B). 
'Other reeord.s were obtained at fi-equent intervals, and the data from 
these tracings arc summarized in Table I. The effect of ati-opinc sulfate 
on the delayed A-V conduction ivas observed April 15, 1943, and the re- 
sults of this experiment are recorded in Table II. The last electrocardio- 
gram, Avhich was obtained i^Iay 18. 1943, was entirely normal, and the 
jiatient was returned to duly iMay 22, 1943. 

During the entire iiei-iod of Ids hospitalization the patient never pre- 
sented any symptoms suggestive of eai'diae disease. No oilier eompliea- 
tioms of mumjis occurred, lie never complained of .joint pains. The 
temperature remained normal during most of the ho.spital sta.v, it was 
elevated only in the early phases of the disease. The range of the body 
tempei'ature and of the erythrocyte .sedimentation rate, in relation to the 
clinical couise and the eleelrocardiograiihic manifestations of active 
myocarditis, is recorded in Table I. The heart sliadoiv in two teleoroent- 
genograms was not abnoi-inal. The blood jire.ssure was never elevated. 

DISOUSSIOX 

The diagnosis of acute myocarditis as a complication of mumps can 
hardly be questioned in this instance, even tliough clinical .signs and 
symptoms of cardiac disease were lacking. The T-wave changes and the 
sinus bradycardia in the original tracing migiit be considered of equivocal 
significance, but the definite, although transient, prolongation of the 
P-K interval surely supports such a diagnosis. In addition, the tem- 
])orarv .shoi'tcning of the A-V conduction time produced by atropine 
(Table II) is a type of respon.se similar to that which occui-s in ca.ses of 
first-degree heart block secondary to active rheumatic carditis.'^-"’ It is, 
therefore, i-easonable to .supjiose that a myocarditis of the type described 
by l\Ianea* was probably the cause of the electrocardiographic alterations 
in this ease. So far as we are aware, this is the fir.si reported instance 
in which excessive vagal tone was .shown to contribute to prolongation of 
the P-R- interval when the latter was the result of nonrheumatic myo- 
carditis ; this emjihasizes the nonspecific nature of this particular electro- 
cardiograxihic abnormality. 

The incidence of cardiac complications in cases of mumps maj" be 
higher than is ordinarily supposed, inasmuch as significant electro- 
cardiographic changes were found in one of fifteen soldiers with the 
disease. This figure ma.y possibly be modified in future sui’veys of larger 
numbers of sub.jects. It is therefore planned, if possible, to investigate 
this phase of the problem more intensively during the next epidemic of 
the disease. 

It is also of interest that the myocarditis under discus.sion occurred 
without anj'^ clinical. signs or symptoms, and developed independently of 
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any of the usual complications of mumps. Thi.s iinplie.s that perhaps 
many instance.s of this complication have been overlooked in the past. 
It will he noted (Table I) that it was associated with an increased 
erjdhrocjde sedimentation rate. Therefore, it is recommended that thi.s 
laboratory procedure be used routinely in ever\' case of mumps during 
convalescence, and, if the rate is elevated, an electrocardiogram should 
be obtained to establish or eliminate the po.ssibility of a complicating 
myocarditis, 

SUMJrARY ^VKD COXCLUSIOXS 

1, The fii-st knomi ease of myocarditis complicating mump.s, in which 
the diagnosis was established during life, is de.scribed, 

2, The importance of the routine use of the electrocardiograph in 
the diagnosis of this complication is emphasized, 

3, The similarity of the electrocardiographic changes to those which 
result from acute rheumatic myocarditis is demon.strated and briefly 
discu.ssed. 

4, The a.S 5 anptomatic nature of the myocarditis and its oeeui’renee 
in the absence of the usual complications of mumps are emphasized. At- 
tention is also called to the po.ssibility that, for this reason, many such 
cases are overlooked. 

5. It is suggested that, in the ab.sence of the usual complication.s, a 
persistent increase in the eiythroeyte sedimentation rate in cases of 
mumps, after the parotid swelling has subsided, ju.stifies the routine use 
of the electrocardiograph to eliminate the po.ssibility of a complicating 
myocarditis. 

6. In a random selection of fifteen cases of epidemic parotitis, the 
incidence of complicating myocarditis was found to be 6.7 per cent. 

7. "Wider use of the electrocardiograph in ca.ses of mump.s in various 
stages of the disease is I’ccommended in order to e.stabli.sh definitely 
the incidence of cai'diae complications, and hence the optimum period for 
complete convalescence. 

8. Our e.vperience in this ea.se indicatas that functional recovery from 
myocardial involvement in mump.s may be complete. 
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Selected Abstracts 


Hueper, W. C.: Experimental Studies in Cardiovascular Pathology. IX. Re- 
actions in the Blood and Organs of Dogs on Intravenous Injection of a Solution 
of Glycogen. Arch. Path. 36: 3S1, 1943. 

A solution of glycogen injected intravenously into dogs in single or in repeated 
doses elicits hematic reactions characteristic of the niacromolecular hematic syn- 
drome (prijnary transitory leucopenia, secondary myeloid leucocytosis, anemia, ac- 
celerated erythrocytic sedimentation^ increased clotting time). 

TJie livers of such dogs shou- liydropic .‘^welling and f.atty infiltration of the liver . 
cells and a negligible amount of gl.yeogen. Tlie aorta and the myocardial and renal 
arteries exliibit intimal and medial lesioms of a proliferative and degenerative 
nature. 

Repented intravenous introduction of glycogen is not a harmless procedure. 

Author. 

Dauber, D. V., and Katz, L. N.: Experimental Atherosclerosis in the Chick. 
Arch. Path. 36: 473, 1943. 

Porty-three 3-month-old cockerels wore divided into four groups. One group 
received liberal amounts of an adequate diet for six months. A second group re- 
ceived tlie same diet plus cottonseed oil. The third group was placed on restricted 
feeding, and the fourth gioup received 2 per cent cholesterol in cottonseed oil, added 
to the basic mash. Every cliolestcrol-fcd chick acquired atherosclerosis of the 
thoracic and the abdominal aorta and of the major branches. Atherosclerosis of the 
splenic and the coronary arteries lilmwise resulted. The lesions showed accumula- 
tion of lipoid-containing foam cells, fibrosis, deposition of cholesterol crystals, 
calcification, and cartilage formation. No foam cell atheroma or calcification de- 
veloped in any chick not fed cholesterol, but the cockerels not fed cholesterol showed 
a high , incidence of intimal fibrosi.? of the abdominal aorta with or without lipoid. 

It is, tlierefore, concluded that; Atherosclerosis with intimal thickening by 
accumulation of foam cells, fibrosis, calcification, and depositibn of cholesterol can 
be produced in the omnivorous chick by cholesterol feeding. Feeding of cotton- 
seed oil alone does not produce atheroma. >Simple underfeeding will not cause 
vascular atheroma. The earliest spontaneous vascular lesion in the white Leghorn 
cockerel is intimal fibrosis of the abdominal aorta with and without lipoid. Foam 
cells enter the intimal vasa vasorum of the thoracic aorta in cholesterol-fed chicks. 
The working hypothesis advanced for the genesis of these lesions is applicable also 
to spontaneous atherosclerosis. 

Authors. 

Bartlett, W. M., and Carter, J. B.: Combined Electrocardiography, Stethography 
and Card’ioscopy in the Early Diagnosis of Heart Disease. Ann. Int. Med. 19: 

, 271, 1943. 

Combined graphic and eardioscopic diagnosis in conjunction with the routine 
Clinical examination constitutes a practical plan for the early recognition of heart 
disease. , 
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Tlie results of eoinbinefl elcf.trocimliogmpliy, stctlio^riapliy, jiiul eardioseojn- in flio 
oxaminatioii of 1,108 eases of heart disease are reported and diseussed. 

A simplified chest lead techni(pie is described. Chest lead abiiornialities occurred 
in 2t) per cent of the cases. Tiie.se abiionnalities were directly jjroportional to the 
age of the jiatient, being found in 20 j>er cent of fho.se between 'M and 41 yeur.« of 
age, and in 47 jier cent of tho.«c between (51 and 87 year.« of age. 

Organic heart niurniur.s are usually as.“ociatcd with heart sound abnornialitie.s 
and often with change.s in the electrocardiogram, fri-aphic methods are of value 
in ditferentiating organic and functional iiiiirmurs. 

A diastolic murmur may be confused with a .systolic murmur when flie first iicart 
sound i.s inaudible. 

A sfethogi-am is essential for the accurate diagnosis of gallop rhythm. 

A stethogram differentiate.s a jiresystolic murmur from a “roughened” first sound. 

In 88 per cent of 1,108 case.s, clinical findings coincided with graphic findings. 

In 12 per cent of 1,108 ca.ses, the .^tethogram was e.ssential for the iliagnosis of 
gallop rhythm, of early mitral Hteno.si.«. or of early aortic disease. 

Of 102 cases of gallop rhytlim, 42 per cent were mi.s.iudged clinically so far a.« 
timing the extra sound was concerned. 

A double-beamed cardioscope for the in.sfantaneous visualization of sfcfhograni 
and electrocardiogram is predicted as a diagnostic adjunct in the rapid examination 
of recruits, applicants for flight training and for insurance, and in .“creening for 
unrecognized heart disease. 

Si.x tj-pical cases are reported. Results of clinical examination, correlated with 
graphic findings, demonstrate the value of the method for the cjirly diagnosis of 
lieart di.«easc. 

Serial stethogram.s, like serial electrocardiograms, are useful in following the 
course of lieart disease, A comparison of records from the same patient or from 
other cases with the same disease is frequently of value. 

Cardioseopv as well as combined stefhograjihy and elect roeardiograpliy aid.s in 
teacliing, since visual impre.ssions are alway.s superior to verbal rlc.scription.“. 

This method of diagnosis is young but it will grow. Slethography has already 
arrived at a stage conifiarable to elect rocardiograjdiy during the third dcs-ade of its 
development. 

AI.TI{0I£.S. 

Jo.selevicli, M.: Prolonged P-R Interval and Auricular Pibrillation, Rev, argent. 

de cardiol. 10: 96, 1943. 

Of nineteen cases of auricular fibrillation an electrocardiogram could be obtained 
showing sinu.s rhythm, the IMl interval measured more than 0,21 second in filtcen, 
and was normal in four. 

Auricular fibrillation was persistent in eight and transient in eleven. Of the 
eight patients with chronic auricular fibrillation, three had mitral disen.^e, three 
congestive heart failure, one had Toxic goiter, and one had no demonstrable cardiac 
disea.'-e. Of the eleven patients with transient auricular fibrillation, one had 
Basedow ’.s disease, one had .'-yphilitic aortili.*^, one had jicricardiid effusion, one had 
myocardial infarction, and seven case.- were of undetermined origin. 

\Mieri the elect rocardioginm .“howing normal simi.*’ rhythm was obtained, nine 
patient.s were under digit.alis Treatment (eight had a prolonged P-R interval) two 
had recentU' been ojicrated upon for a j>artial tliyroideetomy tone had a prolonged 
P-R interval), and The only iialient who was receiving rpiinidinc showed al .“0 a pro- 
longed P-R interval. 


Ai.'THO!;. 
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Hoff, H. E., and Nahum, L. H.; A Comparison of the Configuration in the Electro- 
cardiogram of Endocardial and Epicardial Extrasystoles. Am. .7. Pliy.«iol. 140: 
14S, 194o. 

The configumtioii, in Lomlj. I and 111 of the , electrocardiogram, of ventricular 
extrasy.'itoles elicited by stiimilatioii of points on the endocardium and the immedi- 
ately opposite epicardium, has been studied. 

The direction of initial deflections of endocardial and -epicardial extrasy.stole.-= 
was the .same in botli Leads 1 and 111 over mo.'.-t of the surface of tiie heart. These 
regioms included: (t) tiie area over the .septum, both anterior and po.sterior; (2) 
.111 area on the lateral margin of each ventricle, ivliich is referred to as the center 
of the ventricle becau.se it is (‘cjuidistaiit from tiie septal margins; and (fJ) the 
entifo surface of the riglit ventricle. 

The direction ot initial deflections in l,ead I of the epicardial and endocardial 
extra.sy.stoles was also found to be the same over tlie entire po.sterior portion of the 
right vent Hide and the anterior jiart of the left ventricle. 

The direction of initial deflections in Lead III. of epicardial and endocardial 
extrasy.stole.s was tlie same over much of the posterior portion of the right ventricle 
and the anterior jiart of the left ventricle. 

Two areas were found, of tlic anterior left ventricle toward tiie left lateral border 
and the jiosterior right ventricle toward the right lateral border, wliere the initial 
deflections of endocardial extrasy.sfoles were ojiposite to those of extra.systoles from 
immediately overlying epicardial points. 

Tlie-so oppositely directed initial comjdexes of extrasy.stoles elicited from .such 
regions of tlie endocardium were shown to ari.se, as do the similar complexes from 
stimulation of nearby epicardial ])oint.s, from excitation of the opposite ventricle. 

Authors. 

Eiseman, J. E. F., and Smith, H. W.: Some Legal Aspects of Heart Disease and 
the Electrocardiogram. I. Nature and Volmne of American Litigation Involv- 
ing the Heart. Ann. Int. Jfed. 19: 81, 1943. 

The authors have endeavored in tliis paper to sliow wliat arc the main sources of 
cardiac litigation, to point out liasic Ieg.al principles important to the problem of 
proof, and to analyze type cases where electrocai-diography might be used in court. 
In doing this, thj authors have sought to stress important po.Htive uses of the 
electrocardiogram wliilo at the same time pointing out great variation in the 
probative vafue of the new species of evidence depending on tlie individual cardiac 
condition involved. They have stressed, as others have done, tlie interdependence of 
electrocardiographic interpretation on sound clinical examination and judgment. 

It is necessary to sliatter any illusions that tlic electrocardiogram has universal 
diagnostic .autiiorily. It is only by recognizing the critical limitations of a new 
.specio.s of evidence that courts may protect against abuse and injustice likely to 
arise from extravagant claims regarding its virtue a.s proof. 

• Authors. 


Wilburne M., and Langendorf, E.: The Significance of the Electrocardiogram 
With Prominent S Waves in Leads, I, H, and HI. J. Lab. & Clin. Jled. 28: 

303, 1942. 

■ Electrocardiograms exhibiting prominent S waves (final inverted phase of the 
QRS complex measuring 2o per cent or more of the upright phase) in Leads I, II, 
and Til ivere present in 84 cases of 1,S50 consecutive electrocardiograms reviewed. 

In 41 of these ca«es definite electrccardiograpliic abnormalities, such as left 
■ventricular preponderance, right ventricular preponderance, combined right and 
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left ventricular strain, niyocardial infarction, and nons£)ecific abnormal patterns were 
found. In eight others, questionable abnormalities were present. 

In 35 cases no other deviation.s from the normal pattern v.'ore observed, and 
these vere regarded as the otherwise normal S type of electrocardiogram. TIio 
criteria employed in thi.s deduction are described. In nineteen of these cases no 
demonstrable heart disease was present; in three the clinical findings were incon- 
clusive; and in thirteen there was clinical evidence of heart disease. 

It is concluded that electrocardiograms e.vhibiting prominent S waves in Leads I, 
ir, and III are more common in patients with evidence of heart disease than in 
normal persons in the population of an elcctrocardiograpliic laboratorj-. However, 
in an otherwise normal electrocardiogram the S type may be a normal variant, but 
before this decision is made the case should be thoroughly investigated. 

AUTHort.s. 


Glazebrook, A. J.: Eisenmengerhs Complex. Brit. Heart .1. 5: 147, ]!)43. 

A case presenting the clinical and radiographic features of the Eisenmenger com- 
plex is described, and the etiologj' and prognosis briefly described. 

AuTiron. 


Saphir, O.: Myocarditis in Bronchiectasis. Arch. Int. Med. 72: 175, ]tt43. 

A type of myocarditis occurs in patients with bronchiectasis. It was found at 
autop.sy eight times among 152 patients and caused unexpected death three times. 
Clinically, myocarditis was diagnosed in only one instance. The most significant 
clinical observations in these patients was a discrepancy between the relatively .slight 
elevation of temperature and the high pulse rate. Bronchiectasis with the incumbent 
severe inflammatory changes constitutes a primary focus to which myocarditis can 
be ascribed. Also in some patients with bropchial asthma who die suddenly, myo- 
carditis may be a contributory cause of the sudden death. From this study it is 
clear that in many instances a correct diagnosis as to the presence or absence of myo- 
carditis can be made only if many sections are cut from the myocardium and most 
carefully examined for the .specific purpose of either finding or ruling out myo- 
carditis. 

.\t;TjroK. 


Price, E. K., and Janes, L. E.: A Case of Subendocardial Infarction. Brit. 

Heart .T. 5: 134, 1943. 

A case of coronary arterial disease is described. It was obseivcd to progress 
through the stages of angina pectoris, coronary insuificiency, and cardiac infarction 
to ;i fatal termination four months after the onset of symptoms. Detailed clinical 
and cardiographic evidence was obtained during life, and .a careful examination of the 
he.art was irmde after death. A type of infarct is descritied that may corrcsjiond 
to a muscle grouping in the ventricle raliier Ilian to tJie distribution of a main 
coronary vessel. 

Al'TitOKK. 

Koletsky, S.; Acquired Bicuspid Aortic Valve With Obliteration of the Com- 
missural Eaphe. Arch. Path. 36: 602, 1943. 

I he acquired bicuspid aortic valve with obliterated eommissurtd rajilie proliablv 
represents a further stage of the acquire**! bicuspiil aortic valve witit relrnctc'l 
horizontal niphe. In tlie four cases described. The ohltterafed commissure was 
identified by means of the aortic media-annulus fibrosu.- relationship. 



SELECTED ABSTRACTS 


428 


Tho lesions are usually of rheumatic origin. Conclusive stigmas of rheumatic 

sease m tlie heart in three cases, while in one case there were probable 

stigmas, limited to the aortic valve. 

In three cases the aortic valve showed calcific disease with stenosis. Bacterial 
endocarditis was present in two cases. 

Author. 

Shoim, A. N.: Rheiunatic Heart Disease in Arizona. Southwestern Med 27: 140 
1943. ' 


Tlic author reports on rheumatic fever and rheumatic heart disease in a limited 
aie.i of southern Arizona. That rheumatic fever exists in Arizona as an endemic 
disease is not open to question. It is found in children who have been born and 
reared there and continues to occur in them as well as in those who come to Arizona 
with or without the disease. Tho report is based on a study of 090 children in the 
scliool population. Of these, there were 39 who showed some abnormality of the 
heart. An estimation is made of the number of cases of heart disease in the state, 
based on these figures. The author believes that heart disease in the areas in ques- 
tion is the same as in other centers throughout the country. 

Author. 


Camp, P. D., and Galvin, L. F.; Rheumatic Fever and Rheumatic Heart Disease in 

Virginia. Virginia !M. Monthly 70: 397, 1943. 

The authors review briefly certain available statistics from different parts of 
the country concerning the incidence of rheumatic fever and its mortality. 

A survey was made by one of the authors, in 1940, on 979 children of school 
age in the city of Eichmond, Four hundred and sixty-six of those children were 
white, and 513 were Negroes. Of the white gvoup, 2.3 per cent presented findings 
of organic heart disease, whereas 8.5 per cent of the Negro group presented such 
evidence. These figures were in no way considered scientifically accurate, but merely 
sonnd to indicate a general idea of the incidence of possible heart disease in such 
a group. 

From May 1, 1940, to July 1, 1942, 254 children were referred to the State 
Rheumatic Fever Program Clinic for suspected rheumatic fever and heart disease. 
Of this group, a definite diagnosis of rheumatic fever or rheumatic fever heart dis- 
ease was made on 97 cases, or 34.2 per cent. The diagnosis of possible and po- 
tential heart disease was made in 53, or 20.8 per cent. 

During the year 1940-1941, the Medical College of Virginia Ho.spital Division 
admitted on all services a total of 22,908 cases. Of this number 193 eases, or 0.84 
per cent, were diagnosed as rheumatic fever or rheumatic iieart disease. 

Symptoms and signs of the disease and method of diagnosis are reviewed. It 
is the impression of the authors that the manifestations of rheumatic fever in 
Virginia are frequently mild and indefinite, often requiring repeated examinations 
before a definite diagnosis can be made. Despite these mild manifestations, many 
cases develop severe unequivocal rheumatic heai-t disease in later life. In the 
authors’ experience, initial attacks are often ushered in by gastrointestinal upsets 
with abdominal pain, nausea, emesis, and sometimes diarrhea. Nosebleeds are fre- 
quent - Subcutaneous nodules and erythematous rashes are relatively uncommon. 
Joint symptoms in the large majority of cases are either mild or absent altogether. 

Treatment of the disease is briefly discussed. It is emphasized that it is just 
as important to piumote a return to normal actirdty of those children vith inactive 
rheumatic fever as it is to stress rest for those children manifesting active infection. 


Authors. 
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Decherd, G-. M., Jr., and Herrmann, G. B.: Bheumatic Heart Disease in Texas. 

Texas State .7. Aled. 39; 22!), V.m. 

The low and furtlier decreasing ineidenec of rlieinnatie hear! disease in tlic Souili 
and' particularly in Texas seems to be substantiated in these studies. 

Further .surveys from the midwestern, soutinvestern, western, find north\vesfe.-n 
ftrea.s of Texas .seem highly de.'-irable for the jmrpose of iiscerlainintr those ffietors 
which alter the incidence, course, and ])rogiiosi.s of rheumatic disease there. Cer- 
tainly, further .studies fire needed from the Gulf Coast find from the low altitude find 
high altitude areas of the Houtliwe.st in an fittempt to identify the factors which 
niollifj' the disease here. The slight recent increase in ihe number of case.s of rheu- 
matic fever find heart disease seen in the diagnostic clinic, iiuiuguratcd in 193!), is 
most likeh- the result of increa.scd state-wirle interest, 

AfTDOtf.S. 

McClendon, S. J.: Bliemnatic Fever; Its Incidence in the .Southwestern States. 

California & West. Aled. 59; 114, 1943. 

A report based on fi group of 112 proved cases of rheuimitic fever studied in 
privfite praetice, find an anfilysis of the information find rejiorts on 83 additional 
cases fidmitted to one of the pri%'atc ho.«pitalH in 8fin Diego, Cfdifornia, is given. 
These patients were fill ehildren, ranging in age from to 15 years. They were fill 
native of southern California or southwestern Arizona, and had not resided outside 
tliiit firea at any time. The purpo.‘-c of the study was to determine the type, severity, 
Sind season of onset, and the extent of efirdiae damage in these jiatients. 

Acute rheumatic fever find rheumatic carditis fire found Dir more fretiucntlv in 
southern Califoi'nia tlmn hfi.s been claimed by most observei-s, Tlie incidence can be 
ftiiurted more aecunitely if hiws requiring reportabilily of the disease Jiie system- 
atically observed. 

The severity of the cfirdiac cornpliefitions D fip)>roximfitely fis grefit fi.“ in colder 
find more severe elinifites. J-’oor housing and (;conomie conditions do not seem to 
be contributory factors to tin* d).sease in this firea, liepeated re.-jiiratory and 
throfit infectious of a strejdococcic ty{ie seem to jirecciJe The fietuiil onset of the acute 
aUacl;. The removal of- tonsils find adenoids does noi seem to alter the incidence of 
tlie disease nor fict as a projihylaxis. 

Al.'TtlOIt. 

Dressier, M,, and Silverman, M.; Cardiovascular Syphilis; An Approach to Early 

Clinical Eecognition and Early Treatment, Ann. Int. Med. 19; 224, ]!)f.7. 

Of 1,270 ca.'^es of proved .sypitilis studied. 21 per cent were diagnosed clinically 
as uncomplicated aortitis, and 30.7 j>«r cent as cfirdiovasculfir syphilis a.s a ulioJc, 
Of the lutti-r group, 7S per cent were cfise.s of uncomplicfited aortitis, fhe ptopo/'- 
lion of males to fenifiles was fipproxiniateh' two to one, and that of the white to 
the Negro race uiiproximately the sfum*, 

flic criteria for the physicftl diagnosis of nn<;omj>licrtled fiortitis are jiresentcd 
and disi-u.xHsl. and arc found of value in jiatients 40 years of age or younger, Jt 
is more common in the Negro than in the v.-hife Tficc in fhir- age group. 

The higli percentage (17.4 j.er cf-n*} of hyjiertencion among the cfises of emrdio- 
ta.'i'diar syjdnlic studied is not puridv coincidental. No valid reason is advanced 
for its jiiks-i'iice. 

b ncomjili'-ated aortitis i- more common among congenitai syjihiiitic- than has Ik'cii 
ff-port'-d Is'fotc, 

Of 12>! of c;irds(na>cj 2 lar -rjjitilis thfit remembered the chancre, on''/>mi>!i- 

cfitcd aortitis aas dtagrm— d in 3^ ca-cj witisin ten ycarr after the jiriwary in- 
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Uncomplicated aortitis is ;i symptomless disease. Hints on physical diagnosis 
wore discussed. 

Nourosyphilis was present in lltl.t! per cent of t,lie cases of cardiovascular syphilis. 
Fluoroscopy and roentgenography are of value in corroborating tlie clinical diag- 
nosis. Un(!ompli<;ated aortitis can be diagnosed clinically in normal-sized aorta. 
An outline of treatment is presented. 

Authors. 


Cooke, W. T., and Cloake, P. C. P.: Extreme Cardiac Hypertrophy: Report of 

Two Cases, With Aortic Hypoplasia and Endocrine Disorders. Brit. Heart .T. 5: 

m ), hh:!. 

Two cases of extreme cjirdiac hypertrophy are re])orted. 

I'll the iir.st, a, male diabetic, aged .‘'>.*1 years, the heart weighed grams. Tliere 

was no associated valvular disease and only moderate increase in the size of the 
heart clnunbers. The descending jiart of the thoracic and abdominal aorta .showed 
moderate hyj)o])lasia. No definite cause for this extrenu' cardiac hypertrophy could 
be found, but there was evidence of thyrotoxicosis, and it is suggested that, pituitary 
hyperf unction played some part. 

In th(i second, a female acromegalic, aged .“.5 yoar.s, (he heart weighed DOO grams. 
The hypertrophy afl'ected the left ventricle predominantly and was associated ivith 
an interauricular sojital defei*t ;uid hypoplasia of the :iorta. The pituitary dysfunc- 
tion was thought to have played the chief part in the jiroduction of the enlargement 
in tliis case. 

Authors. 

Pickering, G. W.: The Circulation in Arterial Hypertension. Brit. iM. J. 2: 1, 

:n, 1943. . 

This article is an abridged version of the Oliver-.Sliarpey Lectures delivered at 
the Royal College of Physicians of London, in lOd’’., It is an important outline and 
resume of present Iniowledge concerning the nature of hypertension and its etfcct on 
the circulation in general. 

McCult.och. 

Poa, P. P., Poa, N. L., and Peet, M. M.; Arteriolar Lesion.s in Hypertension: A 

Study of 350 Consecutive Cases Treated Surgically. An Estimation of the 

Prognostic Value of Muscle Biopsy. .1. t.'lin. Investigation 22: 727, 19-18. 

The ratio of the thickness of tlie w.all to the diameter of tlie lumen (W/L) of 
the arterioles in skeletal muscle was computed from data obtained by direct measure- 
ment of the blood vessels in biopsy material. Three liundred and fifty consecutive 
cases of arterial hypertension were studied. All the jiatients were subsequently sub- 
mitted to .supradiaphragmatic splanchnicectomy and lower dorsal sympathetic gangli- 
oncetomy, and were followed for nine months to seven years after operation. The 
degree of thickening of the arteriolar wall was compared to the severity of other 
signs' and symptoms and to tho therapeutic results. Patients with more severe thick- 
ening of the arteriolar wall had more severe symptoms, showed poorer therapeutic 
results and greater mortality. The correlation is particularly significant between 
arteriosclerosis and other evidence of damage to the vascular system, sucli as the 
elevation of the blood pressure. The rcsulLs show that the determination of W/L 
in skeletal muscle adds very significant information to the clinical and pathologic 
picture of hypertension. It is important in the pvognosi-s of tlie disease. The re- 
ssults arc in agreement with the hypothesis that the surgical treatment of hypertension 
described here gives better results when hypertension is due to a spasm of the ar- 
terioles or to a mild, reversible degree of hypertrophy of the muscle fiboi's in the 
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media, and not wlien severe permanent anatomic lesions have transformed the ma- 
jority of the arterioles into narrow and rigid tubes. 

It is suggested that the study of hypertensive patients should include, whenever 
possible, the determination of the intensitj- of the vasomotor reactions, the measure- 
ment of the effective renal blood flow bj’' diodrast clearance, the observation 
of the blood vessels of the eye grounds, and the determination of the wall/lumon 
ratio of the arterioles in muscle biopsies. This direct investigation of the vascular 
system is at least as important as the examination of the heart and of the renal 
function, which reveals the extent of the damage produced by hypertension to vital 
organs and functions, rather than the severity of the disease itself and the extent 
to which vascular lesions have become irreversible. 

Autitok.s. 

Massie, E., and Miller, W. C.: The Heart Size and Pulmonary Pindings During 

Acute Coronary Thrombosis. Am. J. M. Sc. 206: .353, 1943. 

The change in heart size in sixteen patients following unequivocal acute coronary 
thrombosis was studied by teleoroentgenograms taken over periods extending from 
twelve hours to seven months following the acute attack. 

Ho consi.stent change in cardiac size or shape was noted in this study. Eight of 
the patients showed no change in any of their entire series of films. Each of four 
other patients presented only one fllm with cardiac measurements significantly dif- 
ferent from the others of their respective series, and these ivere taken at greatly 
varying intervals (three days to three months) after the attack, with bofh increasing 
and decreasing measurements occurring. It is noteworthy that, in the irniiortant first 
two weeks follovring the acute accident, only four ca.ses of the entire serie.s had a 
change in cardiac measurements; in two they were increased, and in the other 2 
they were decreased. 

It is impossible to state from this study that there is any significant feature 
which characterized the eight patients who showed a clmnge in cardiac size follow- 
ing coronary thrombosis. Heverthele.s.s, the more frequent occurrence of complica- 
tions within this group attracts attention. A.sidc from these complications, it ap- 
peared that the patients with significant change in cardiac size were somewhat more 
ill tlian the others. 

The findings in the roentgen ray films of pulmonar}' congestion in the first and 
second weeks following the coronary accident were c.=pccially noteworthy. Twelve 
patients showed roentgenologic evidence of such piulmonary involvement, whereas, in 
only seven of the.«e, did auscultation reveal the presence of basal ri'iles. In four 
patients, evidence of pulmonary congestion was lacking on both roentgen ray and 
physical examin.ation. 

Autiioks. 


Altschule, M. D., Zamcheck, N., and Iglaucr, A.: The Ltmg Volume and Its Sub- 
divisions in the Upright and Eecumbent Positions in Patients With Congestive 
Pallure. Pulmonary Pactors in the Genesis of Orthopnea. .1. Clin, investiga- 
tion 22: S05, 1943. 

Studies of the .subdivisions of the lung volume were made in twelve p.-iflcnt,- with 
conge.stive failure in the sitting and recumbent positions. 

Ho increase in the degree of pulmonary congestion was demonstrated in re- 
cumbency in ortliopneic patients. 

A cephrilad shift of the diaphragm occurs in recumbency; thi.< caii.--es change.>- 
in respiration and circulation which lend to increase dy.sprie.'i. 

The coiri[dGxity of interrelated factors which an; related to the genesis of the 
orthopnea of conge-tive failure is di.«cu.“.-<'<l. 

AvruoHR. 
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Starr, I.; Clinical Studies on Incoordination of the Circulation as Determined hy 

the Besponse to Arising. J. Clin. Investigation 22: 813, 1943. 

The response of the circulation vhen the subject arose, as determined by the 
ballistocardiography has been employed as a test of its coordination, i.e., of the 
ability to adapt the cardiac output to the needs of the moment. 

ISTormal standards for circulatory coordination have been determined by a statistical 
analysis of the results of 120 tests made on 75 healthy young adults, before and 
after arising. Over 150 patients have been studied also. 

In healtlij- persons, tlie phy.'jiologic adjustment necessitated by assuming the erect 
position is largely accompli.shed by the basomotor mechanism, and the cardiac output 
changes but little. 

In many sick persons, the circulation changes much more, and the abnormality 
may be in either direction. In the commoner type, the circulation i.<5 unduly increased 
on arising, as if the vasomotor responses were insufficient to support the blood pres- 
sure unaided. This type is found with gieat frequency in many types of disease. 
In the much rarer type, the circulation abnormally diminishes on arising. 

Many weakened patients cannot stand without involuntary muscular movements 
of the lower extremities. Such movements are always called forth in persons sub- 
jecting to fainting before they collapse, and they seemed designed to support the 
circulation. The authors regard their presence as evidence of the inadequacy of 
the vasomotor and other circulatory responses to maintain blood pressure. 

Patients with sjauptoms referable to their circulation without detected organic 
disease, the group often diagnosed as neurocirculatory asthenia, show incoordination 
of the circulation in a large majority of cases. The frequency of such incoordination 
in many conditions of disease is suggested as the reason for the widespread occur- 
rence of the symptoms these patients exhibit, .such as undue breathlessness on ex- 
ertion, faintness, diz/dness, and the like. 

Author. 

Dexter, L., Prank, H. A., Haynes, F. W., and Altschule, M. D.: Traumatic Shock. 

VI. The Effect of Hemorrhagic Shock on the Concentration of Benin and Hy- 

pertensinogen in the Plasma in Unanesthetized Dogs. 3. Clin. Investigation 22: 

S47, 1943. 

A stud}" has been made of the renal humoral pressor mechanism, in unanesthetized 
dogs in shock, from the removal of 4 to 5 per cent of the body weight of blood. 

It is confirmed that readily detectable amounts of renin airpear in the circulating 
plasma. 

The concentration of hypertensinogen in plasma decreases in severe hemorrhagic 
shock, sometimes to extremely low levels. Since, in shocked dogs which, have been 
nephrectomized, the concentration of hypertensinogen remained unchanged or in- 
creased, it is assumed' that its diminution in shocked dogs with intact kidneys is due 
mainly or solely to the presence of excessive amounts of renin. 

Transfusion of 4 to 5 per cent of body weight of whole blood, with nearly normal 
titer of hypertensinogen, did not increase the concentration of hjqrertensinogen in 
plasma appreciably, presumably duo to its almost immediate conversion to hyper- 
tensitt by the large amount of circulating renin. 

The renal humoral pressor mechanism is considered to represent a compensatory 
measure, on the part of the body, to maintain normal blood pressure in dogs rendered 
hypotensive by hemorrhage. 

This mechanism functions inadequately, however, due to the inability of the or- 
ganism to sjTithesize hj'perteusinogen as rapidly as it is converted to hypertensin 
by the large excess of circulating renin. 


Authors. 
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Steinberg, M. F., Grlshman, A., and SuBsman, M, L.; Angiocardiography in Con- 
genital Heart Disease. II. Intracardiac Shunts. Am. .7. Koentgenol, 49: TOC,, 
194.3. 

Sixty-five i;ongcnital cardiacs have Tjcen .«ubjectt‘d to angioca.rdiograpliy. Eiglitceii 
ca.^cs repre.^ented various types of intraeardiac sliunt.«. The method ii.sua)ly dernon- 
.‘•trated the shunt wlien a right-to-left .shunt exi.sted and .vonietimes when it was pro- 
duced by the injection. In other easeSj when the shunt was left-to-right, reopacifica- 
tion of the right heart could be made out occa.sionally. In all case.s, tlie demonstra- 
tion of the pathologic anatomy and physiology present was of value in ditl'erential 
diagnosis. It i.s likely that with additional data better evaluation of prognosis will 
be pos;sible. 

AUTtioias. 


Shapiro, E.: “Mitralization” of the Cardiovascular Silhouette in the Postero- 
anterior Eoentgenogram. Am. .7. Iloentgenol. 50: 40, 1943. 

The term “mitralization,'’ as applied to the cardiovascular silhouette in the 
X^osteroanterior roentgenogram, is used to .signify a .straightening or convexity of the 
left upper heart border. 

The .so-called “mitral type’’ heart may be produced by many difi'erent f.'ictors 
or conditions, and is not pathognomonic of a mitral v.alvular lesion. 

The roentgenologic diagnosis of mitral stenosis .'•hould not be jjtade from a 
posteroanterior roentgenogram alone. Oblique views, especially the right anterior 
oblique view with barium ptaste in the esophagus, should be taken to demonstrate the 
pjre.'-ence of left atrial enl.argement. The finding of left atrial enhargement tends 
to favor a diagno.sis of mitral valvular disease, iilth.ough such enlargement may also 
occur in other cardiac le.sion.s. 

The roentgenologist should di.-^card such arnbiguou.s terms tis “mitraliz,'ilion,” 
“mitral type heart," “mitral configuration," etc., since they only tend to be con- 
fusing and inaccurate, 

AiTiioas. 


Murray, G,; Aortic Embolectomy. Surg,, Gynec, t Obst, 77: 157, 194.3. 

A report of five .successful aortic embolectomie.s is given. In all five casejs there 
were no Technical difiiculties and no accidents or disasters. An extrajjoritorieal .ah- 
dondnal approacli gives a satisfaetory exposure tlirougii which the operation can Ik* 
carried out without difficulty. Tli« circulation was restored and the impending 
gangrene of both legs in e.ach c.ase was immedhitclv replaced by e.xtreiriiiies with 
normal circulation and function. In spite of llie fact tliat ino‘-1 of these ciises 
eventually die of cnd/olisrn, the patient can be completely relievcf] of syinj*toms and 
return to the original st;ite of health, folb)wing ."-urgical treatment of the im- 
mediate epi,-r)de, 

At.'Tirot.’s:. 


Haney, H. F.. Lindgren, A. J., ELarstens, A. I., and Youman.s, W, B.: Ec.sponse3 of 
the Heart to Eeflex Activation of the Eight and Left Vagu-s Nerve.s by the 
Pressor Compounds, Keosynephrin and Pitre.ssin. Am. .1. Phvsiol. 139: fi7.'>, 
194:!. 


I be j!rcf.<or compound'- r.eo-ynephrin. pifre-.-in. and angiotonin tire cajiable of 
produi-ing an iniubition of t!ii< heart, which is te-si exjd.ained on the basi'- of retie.Ti'-; 
iniliatf-sl iti rc-js.n.'-e to the rise of {»re>“ure tesuliino from their v.'i.-m'o.'islrictor 

aetior.'. .-.dt.cini'tfatton of 'pck..-* pte,-- -or compound ■■ (iniv snif! to rc'-uit in a 
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In experiinentp on dogs whose right, vagus has 1)eon cut and whose left vagus 
remains intact, i.c., left vagus dogs, the response to the pressor compounds commonly 
includes A-V heart block. Thus, in this group of auinial.c, A-V block followed the 
injection of ueosynephrin in 27 of 37 experiments on fourteen dogs, of pitressin 
in 7 of 30 experiments on seven dogs, and of angiotonirt in a single experiment. 

1 dogs whose left vagus had been cut and whose right vagus remained inttict, i.e., 
right vagus dogs, no instances of A-V heart block occurred in re.sponse to injection 
of ueosynephrin in 28 experiments on twelve dogs, of pitressin in 32 experiments on 
.«ix dogs, and of angiotonin in a single experiment. 

Physiological activation of either the right or the left vagus results in sinus 
bradycarditi. No remarkable difference in the degree of heart slowing produced by 
the left as compared with the right vagus is evident. 

As a result of iihysiolngic .activation of tlie right vagus, the automaticity of the 
B-A node fre(iucntly is depressed to a level at which the A-V node takes over thb 
function of pacemalu'r. Thus, A-V nodal rhytlim was observed in 4 of 28 experi- 
ments using neosmiephrin, and in 3 of 32 experiments using pitressin. A-V nodal 
rliythm occurred in none of flic experiments involving the left Aaigus group of dogs. 

The completely denervated heart of the dog is not depressed by ucosyneplirin in' 
the doses in which it was emj)loyed. 

In tiic majority of experiments, pitressin fails to cau.«o significant inhibition of 
the completely denervated heart. When inhibition occurs, it is usually of sm.all 
degree. 

A'UTnoiis. 

Chen, K. K., Elderfield, R. C„ TJhle, F. C., and Fried, J,: Synthetic Glycosides of 

Digitoxigenin, Digoxigenin, and Periplogenin. .3. Pharmacol. & Exper. Tlierap. 

77: 403, 3943. 

Six .synthetic glycosides, namely, digitoxigenin-fi-, digitoxigenin-^-tctraacetyl-, 
digoxigenin-^-, digoxigenin-/3- tetraacetyl-, periplogenin-/^-, and periplogenin-/?- tetra- 
acetyl-a-glucosides, have boon studied pharmacologically .and compared with their 
corresponding natural glycosides and aglyconos — digitoxin, digitoxigenin, digoxin, 
digoxigenin, ijeriplocymarin, and periplogenin. 

In cats, digitoxigenin-, digoxigenin-, and periplogenin-^t-a-giucosidcs are more 
])owcrful than digitoxin, digoxin, and peripioejanarin, respectively. All the tetra- 
acetyl derivatives have a low potency. 

In frogs, the results are less uniform. While digitoxigenin- and digoxigonin-/3-a- 
glucosides are more active than digitoxin and digoxin, respectively, periplogenin- 
/3-a-glucoside is weaker tlian pcriplocymarin. There is also suggestion that digo.xi- 
genin-/3-tctraacetyl-a-glucoside is more active than digoxigenin. 

Periplogenin is decidedly loss potent than periplocymarin, indicating the favorable 
influence of the .‘^ugar component iji the molecule of the glycoside. 

AuTiions. 

Finch, C. A., and IMarchand, J. F.: Cardiac Arrest "by the Action of Potassium. 

Am. J. M. Sc. 206: 507, 1943. 

Two cases of fatal xmtassium x>oisoning have been described. In one, there was 
a spontaneous accumulation of the serum potassium to 8.85 meq./l and a further 
elevation to 10.50 after an onil dose of 4.5 Gm. of the chloride. The other had been 
given large therapeutic doses for five days. In each there was a failure of renal 
excretion. 

The diagnosis was made by comx»arison of the findings in these cases with those 
reported in exxjerimental potassium poisoning, including the serum and urine potas- 
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slum levels (Case 1), the electrocardiogrnin, and the clinical course. The relation- 
ship of paralj'sis and of renal failure to potassium poisoning was discussed, and the 
electrocardiographic changes leading to arrest of the heart have been shown and 
described. 

The parallel features of these two cases illustrating the clinical course of human 
potassium poisoning were the result of the combined effect of the potassium poison- 
ing and the underljing disease. In each there was: (aX an acute uremia with 
oliguria; (b) recurrent nausea and retching; (c) episodes of bradycardia unac- 
companied by sjunptoms of cardiac failure or changes in blood pressure; (d) a sud- 
den ascending flaccid quadriplcgia ivithout paralysis of the trunk or disturbance of 
speech or mental fxmetions; (e) electrocardiographic changes including elevated T 
waves, absent P waves, intraventricular block, and terminal irregularities of the 
rhythm; (f) arrest of the heart in diastole prior to the cessation of respiration. 

AuTiions. 


Porster, E. E., IT.: The Medical Use of Thiocyanates In the Treatment of Ar- 
terial Hypertension. Am. .T. AE. Sc. 206: 668, 1943. 

The majority of clinical workers believe that thiocyanate has a definite In'potensivc 
clTect in the arterial hypertensive xiatient. However, this hypotemsive effect has not 
been demonstrated in the laboratory. The mechanism by which this clinical blood 
pressure drop occurs is not known. It is to be hoped that a complete statistical 
analj'sis will be done in the future to prove this suspected hypotensive effect, 

A satisfactory method for the administration of thiocyanate has been suggested 
by Barker, which will give minimal toxicity if handled correctly. Thiocyanate should 
never be given without blood levels being taken. Thiocyanate is not a blanket cure- 
all for “hj’pertension” and should be used only in selected cases and where no con- 
traindication exists, 

Anj' relief of subjective symptoms bears minimal relation to the blood pressure 
drop. 


Aur/fon. 



Book Review 


MoniFiCAgoEs de Fokma do Edetiiocardiograma : ]iv Dr. Daiito Pa/.zuncso, Chefo 

das Clinicas Cnrdiologicas do Hospital Mvinicipjil de Sao Paulo e do Scrvico 

Cirurgico do Professor B. ^ronlenegro, Orafica da Prefeilura, Sao Paulo. 1042, 

37.3 pages, 247 illustrations. 

This new book on elcctrc)cardiogra{)hy ha.'< distinotivc features. Es.^entialh’, it \p 
divided into two parts: The fust describe.^ the change.s in the various electro- 
cardiographic waves; it is, therefore, a theoretical .study. The second describes 
electrocardiographic change.s in various diseases, and is, therefore, an tipplied study 
with practical ainjs. 

Each chapter has a .short introduction; this is followed by a discussion of the 
tracings, and then by a summary in both Portuguese and English. The book contains 
a detailed and up-to-date review of the literature. Most of tlie tracings arc original, 
and they are usually clear and typical. 

Some aspects of this book might bo considered either virtues or defects, accord- 
ing to the point of Anew of the reader. The dogmatic and .strongly worded ex- 
pression of personal views and the detailed and laborious quotation of too many 
authors are among them. 

Some chapters, such as that on electrocardiographic changes in infectious and 
parasitic discase.s, and that on acute accidents and “agony of the lieart,” will bo 
useful for reference, and are more complete than in other, similar books. 

The translation of the summaries into English is adequate. 

Dr. Pazzane.se lias written an intere.sting and valuable book which should have 
a place in the library of any cardiologist. 

At.do Lui.sada. 


Erratum 

In the article entitled “On Certain Applications of Modern Electrocardiographic 
Theory to the Interpretation of Electrocardiograms Which Indicate Myocardial 
Disease,” by Eoliert H. Bayley, which appeared in the December, 1043, issue of 
the Jourxal, volume 26, jiage 808, the second sentence in the second paragraph 
should read: “The vector G is known as the manifest mean electrical axis of 
QRST, or as the gradient, w-hich may be said to point from regions in the ven- 
tricular muscle at the epicardial and endocardial surfaces in which the average 
duration of the excited state is greatest, toward regions in the muscle at these 
surfaces where the average duration is least.” 
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EDITORIAL 

T he present nnmher of the American Heart Journal consists of 
various jiapers of cardiovascular interest Avhicii have a direct bearing 
on the wai’. They include articles on the problems of cardiovascular 
examination for admission to the Armed Services and also on cardio- 
vascular problems that face medical officers after the men have been in- 
ducted and are in training or on combat duty. 

The cardiovascular criteria for admission to the Aiany (Mobilization 
Regulations 1-9, adopted also for the enlisted personnel of the Navy) 
are presented at the end of the introduction of the re-examination 
paper. A discussion of the individual criteria such as blood pressure, 
pulse rate, heart size, auscultatory findings, electrocardiography, neuro- 
circulatory asthenia, and history of rheumatic fever appears in the re- 
examination paper and in several of the other articles. 

The most im])ortant cardiovascular problem in the Army and Navy 
is that of the rheumatic heart, especially in its acute phase during 
rheumatic fever. Indications are at hand to show that a personal or 
family history of past rheumatic fever is of the greatest importance in 
identifying those individuals most likely to develop rheumatic fever 
after exposure to the hemolytic streptococcus. The problem of rheu- 
matic fever is widespread but, naturally, more common in certain re- 
gions, as has long been knomi. A discussion of the subject will be 
found in the article by Dr. Massell and Dr. Jones. 

Neuroeirculatory asthenia, which, labeled as such, was a great prob- 
lem in the last war, is under renewed investigation in the present war. 
It has not been found, or at least diagnosed, in our Armed Forces in 
this war, either at home or abroad, nearly as often as in the last war. 
There are probably several reasons for this, among them a change in 
style of diagnosis whereby more of such cases are called psychoneurosis 
or anxiety neurosis; but it also seems likely that the more careful iieuro- 
lisychiatric examination of the inductees and study of the men in train- 
ing have weeded out a good many cases from the Service who, in other 
wars, would have been taken in. Also, the tempo of our Army’s fighting 
has not, to date ( Jan. 1, 1944), been as extreme as in the last war. 
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Other cardiovascular problems in active militaiy service have been 
minimal. It has been encouraging to find relatively few men with 
chronic heart disease admitted to the Ai-my and Navy. Here and there, 
to be sure, one discovers eases, especially those Avitli minimal aortic and 
mitral valve lesions where tlie diastolic murmurs are sometimes heard 
with difficulty. By and large, more men sirspected of having heart dis- 
ease but without it have been excluded than those accepted with sup- 
posedly normal hearts who really have some heart disease. As noted 
above, the development of rlieumatie heart disease in service is a major 
Iiroblem. Other types of heart disease are found relatively infre- 
quently. These include eardiova.scular syphilis, and hypertensive, pul- 
monaiy, and coronary heai-t disease. Some of the older enlisted men and 
officei’S are prone naturally to develop evidence of coronary heart disease, 
either electrocardiographic or symptomatic, including full-bloum myo- 
cardial infarction. Most of them are retired from service. Relatively 
unimportant disorders of cardiovascular function, in particular the 
arrhythmia.s, are found occasionally and are dealt with individually. 
Premature beats are of little or no importance, but paroxysmal tachy- 
cardia, especially when frequent, is a cau.se for rejection as noted in 
jMR 1-9, as are also auricular fibrillation, auricular flutter, and heart 
block. 

It is very important to observe that overemphasis of slight variations 
of the normal electrocardiogram and of the normal x-ray picture of the 
heart and great vessels has been one of the common errors in the war, 
especially in the hands of medical officers who have not had extensive 
experience and training. Many times the eleeti’ocardiogram and x-ray 
picture have proved more misleading than helpful. This, of course, 
should not be. 


Traumatic lesions of the heart and great ve.s.sels in warfai‘c are com- 
mon, of course, and very often fatal ; sometimes, however, recovery en- 
sues, with interesting findings, as noted in Dr. Bland’s paper. This 
traumatic type of heart disea.se naturally increases when the tempo of 
the war speeds up. Here expert .surgical attention at the front is of 
prime importance and, with the development of thoracic surgeiy in 
iccent years, many lives are now being saved. 

Vascular injuries and di.sorders have little representation in this 
number of the -Iournal, except for a helpful paper on shock, but it is 
idanncd and lioped to present pajiei-s along this line in a future number. 

It Is hoped that a number of physicians in military or in civilian 
service may have contributions of special military interest and impor- 
tance that they would like to .submit to the Journal for publication. 
Enough additional {)ai)crs oi value may tlius accumulate to permit the 
jujblication of a second War Number. 


Paul J). White 



RE-EXAMINATION OF 4,994 MEN REJECTED FOR GENERAL 
MILITARY SERVICE BECAUSE OF THE DIAGNOSIS 
OF CARDIOVASCULAR DEFECTS- 

Individual Reports by the Chairmen of Special i\lEDiCAL Advisory 
Boards in Five Cities in AYhich the Combined Study Was IMade 

G. IC. Penn, M.D., Chicago, III., AYilliaji J. Kerr, M.D., San 
Francisco, Calif., Robert L. Levy, M.D., New York, N. Y., 
William D. Stroud, M.D., Philadelphia, Pa., and Paul D. 
Y^hite, M.D., Boston, Mass. 

INTRODUCTION 

Robert L. Levy, M.D., AYilliaji D. Stroud, and 

Paul D. AYhitk, M.D. 

Members of the Suhcommittec on Cardiovascular Diseases, 
National Desearch Council 

O P THE fir.st. two million registrants examined for general military 
serwee, one million were rejected for all causes. According to an 
estimate made by the Selective Service System, approximately 10 per 
cent of the rejeeteCvS were disqualified because of cardiovascular diseases. 
This rate seemed high for men between 18 and 38 years of age. Ac- 
cordingly, at a meeting of the Subcommitlee on Cardiovascular Diseases 
of the National Research Council, held in \Yashington on June 27, 1942, 
a plan was proposed for the re-examination of a relativel}’’ large num- 
ber of men already I’ejected for defects of the heart and circulation 
and for neurocirculatoiy asthenia. It was hoped that such re-exami- 
nation would yield information of value for future use concerning 
particular problems in diagnosis, and that it might result in the salvag- 
ing of man fjower. 

The proposal was promptly approved by Major Gen. Lewis B. 
Hershey, Director of the Selective Service System, and was initiated 
with the help of Col. Leonard G. Rowntree, Chief of the Medical Divi- 
sion. Upon the recommendation of the Committee on Medical Re- 
search, the project was sponsored by the Office of Scientific Research 
and Development. During the early months of 1943, approximately 
5,000 rejectees were re-examined in five large cities by medical boards 
composed of experts in the field of ^cardiovascular diseases. Boston, 
Chicago, New Y'ork, Philadelpliia, and San Francisco were, for various 

*The work described in this paper was done under a contract, recommended by the 
Committee on Medicai Research, , between the Office of Scientific Researcli and De- 
velopment and the University of Pennsylvania; and under the auspices of National 
Headquarters, Selective Service System, Washington, D. C. 
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reasons, chosen for the study, of which a combined summary report 
has already been published/’ 

The individual city' reports, which include additional information 
and suggestions not incorporated in the combined report, ai’c presented 
herewith, together with the diagnostic nomenclature employed by all of 
the examining boards. The use of a standard list of diagnoses especially 
adapted for this work made it possible to prei)are uniform tables of re- 
sults, The standards of physical examination (MR 1-9) used at the 
time of this study are appended to this introduction. 

The reader is referred to the combined repoi’t for full discussion; 
but, for convenience, the summary’’ and eonelu.sions are here republi.shed : 

1. An analysis has been made this year of the re-examination, by 
physicians (rained in the study' of cardiovasculai- diseases, of 4,9.94 
men rejected foi- military- service b.v local boards and induction .stations 
because of the diagnosis of cardiovascular defects or neurocirculator.v 
asthenia. The pi-ojeet was carried out under the auspices of the Selec- 
tive Service Sy-stem and with the aid of .support from the Office of 
Scientific Research and Development. The registrants were composed 
of groups of appi’oximately- 1,000 men each, in five cities: Boston, 
Chicago, New York, Philadelphia, and San Franci.sco. 

2. The chief reasons for the re-examination wore to determine (a) the 
problems in cardiovascular diagnosis that paiiicularly concern the 
range of the normal cardiovascular sy.stem with respect to service, (b) 
the po.s.sible salvage of men for the Anny- by reela.s.sification as lA, 
and (c) the comparison of opinions of cardiovascular experts vdth 
tho.se of the examinei's at local boards and induction .stations to de- 
termine the desirability of such re-examinations in this or other .special 
medical fields throughout the countiy. 

3. Of the total number of 4,994 cardiovascular rejectec.s examined, 
(here were 863 (17,3 per cent) resubmitted as lA, and 4,131 (82.7 per 
cent) whose rejection as 4F was confirmed, 

4. The percentage of men resubmitted as lA was quite similar in 
Boston (18,8 per cent),! New York (19.2 per cent), and Philadelphia 
(16.;") per cent). In San Franci.sco 28.6 per cent were re.submitted.i 
(.’liicago yielded the lov,’e.st salvage (3.8 per cent), ajiparently becau.se 
of the fact that cardiovascular exjjerts had .already’ been freely used in 
the decision .abouf doubtful ea.se.s, a procedure which might profitably 
be tollowed b.v other ex.amining grou}>.s thioughout the country'. 

the chief cause for j-ejection was rheumatic hcai’t disease, found 
in 2,476 men. or 50 per cent of the total 4.994 and 59.9 per cent of 
the final 4t grouj). -Mitral valvular disease without aortic vah'ular 
disea.se was 'liagnosed in the irujjority of these rheuiii.atic hcni'l cases. 
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1,500, or 60.6 per cent (750 ■with obvious stenosis) ; aortic vahnilar 
disease without apparent mitral valve involvement in 280, or 11.3 per 
cent (72 aortic stenosis and 208 aortic regurgitation alone) and mitral 
and aortic valvular disease combined in the remaining 628, or 25.4 
per cent. xVnriciilar fil)rillation complicating mit,i-al stenosis was found 
in 24 of the eases. Tlie incidence of rheumatic heart disease varied 
from 70.3 per cent of the I’e.icetees in Cliicago to 39.6 per cent in San 
Francisco. 

6. The second most common cause, foi* final rejection was liypcrten- 
sion, found in 1,059 men (25.6 per cent of the 4F group and 21 per 
cent of the total series). Tlie majority showed elevation of both .sy.stolic 
and diastolic levels; a few had either systolic liypertension alone or 
diastolic hypertension alone. The incidence varied little from city to 
city, but it was relatively moi’c common in the fourth than in the third 
decade. 

7. Third in frequency as a cau.se of rejection was ncurocireulatory 
asthenia with 204 cases (4 per cent of the total series, or 4.9 per cent 
of those finally labeled 4F). Negroes were rarely affected. The in- 
cidence varied from 78 (7.8 per cent) in Boston to 11 (1.1 per cent) in . 
Chicago. 

8. The fourth condition responsible for rejection of more than 100 
men Avas sinus tachycardia ; there were 189 cases, or 3.8 jier cent of the 
entire group and 4.6 per cent of the final 4F group. The numbers 
varied from 75 in Chicago to 8 in Philadelphia. 

9. The fifth most common cause for rejection was congenital heart 
disease, found in 183 men (4.4 per cent of the 4F group). The ab- 
nonnality most commonly diagnosed ivas ventricular sejital defect 
(Roger’s disease) in more than a third of all the cases, 73. Five other 
defects, in the order of their frequency, were: patency of the ductus 
arteriosus (29 cases), pulmonary stenosis (13 cases and 2 more with 
the tetralogA’’ of Fallot), coarctation of the aorta (14 cases), auricular 
septal defect (6 eases), and subaortic .stenosis (5 cases). The city in- 
cidence varied from over 6 per cent (63 cases) in San Francisco to 1.8 
per cent (18 cases) in Philadelphia. 

10. Other causes for rejection included cardiac enlargement alone, 
determined by x-ray examination (76 cases), aiahythmia in 32, includ- 
ing 17 cases of paroxy.smal tachycardia, 6 of uncomplicated auricular 
fibrillation, 2 of auricular flutter, and 5 of auriculoventricular block, 
electrocardiographic abnormalities alone in another 32 cases including 
10 A\ath bundle branch block, cardioAmsciilar syphilis in only 17 cases, 
thyrotoxicosis in 14, recent rheumatic fever in 13, cardiac strain from 
chest deformities in 10, coronary heart disease in only 6, pericarditis 
in 4, and peripheral vascular defects in 3. Unspecified heart disease 
was diagnosed in 113 cases. 

11. A history of rheum aitic fever Avas obtained in slightly over a 
fourth of all the cases of rheumatic heart disease (28.8 per cent in 
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four of the citie.s) and in nearly half of those in Boston and New York. 
A histoiy of choi-ea was rare (1.8 per cent of the rheumatic heart 
eases in these same four cities). 

12. Although the great majoritj^ re-examined were white men, there 
were a good many Negroes (something under 10 per cent, 386 out of 
4,035 examined in four of the five cities) and a few Chinese and 
Filipinos. There was a high rejection rate for Negroes (88 per cent) 
and a veiy high rejection rate for the Chinese and Filipinos (100 per 
cent) in the four cities in which racial data were obtainable. Nine of the 
fifteen cases of aortic .syphilis found in those cities were among Negroe.s, 
and hypertension was also more often found in the Negroes (38.5 per 
cent of the final 4F cases compared to 23.1 per cent for the white men). 
Rheumatic heart disease was evenly represented (63.8 per cent com- 
pared to 63.9 per cent), but neurocirculatory asthenia was very much 
le.ss common in the Negroes (0.9 per cent compared to 5.5 per cent), 

13. There were eight problems of particular interest which remain 

unsolved and should be the focus of follow-up study but concerning 
which tentative opinions were e.xpre.s.sed : (a) the interpretation of 

apical .systolic murmurs (may they, if very slight or even slight, in the 
absence of any other abnonnal or doubtful finding, be considered inade- 
quate reason for rejection?); (b) the upper limits of the normal blood 
pre.ssure (may tlie systolic pressure in very nervous young men be set 
perhaps as high as 160 mm. Hg or even a shade 7nore, provided the 
diastolic pres.sure does not exceed 90 mm. Hg?) ; (c) the limits of the 
normal pulse rate at rest (may thei-e not be a wider i-ange, say from 
40 to 120 per minute, than that actually given in tlie current criteria?) ; 
(d) the heart size, which also \'anes widely, especially according to 
body build, and may perliaps in a few normal individuals exceed the 
standards set by Hodges and Bystcr; (e) the electrocardiogram, of 
which the wide i-ange of normal has not yet been explored adequately; 
(f) neurocirculatoiy asthenia, difficult to diagnose in mild degree, but 
probably rejectable even when slight, unle.s.s tliere is an obvious cause 
wliich can be corrected; (g) recent rheumatic fevc}', a hazard even v/hen 
the heart .seems perfectly normal; and (h) exerci.se tessts, the u.sefulness 
of v.-hieh, in canliovaseular examination for military service, is open to 
question. 


14. A follow-up study of the men reclassified as lA and especially 
of the doubtful '‘borderline” eases in the final 4F group should, in the 
jears to come, aid in solving .some of the various problems in («irdio- 
^as('^lar diagnosis that still remain. 

1.). The V, isdom oi extending ih&se re-examin.ations for the .sake of 
the Kilvaue alone is doiibtful in view of the time required, the few 
expert c.XttminerH a^idlable, and the relatively .small percentage of men 
leclassified as lA; but the appHcation.s of the lessons learned in the 
iwirne of this study slioitid h- helpful in future examinations. 
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Diagnostic Noaienclature of Cardiovascular Diseases 
Used by Special j\rEDicAL Advisory Boards 

ISTo cardiovjiseular disease 

Etjologic Type 

Bacterial endocarditis — acute 

Bacterial endocarditis— subacute 

Congenital heart disease (specify lesion if possible) 

Coronary heart disease 
Hypertension, arterial 
Hj'jiotension, orthostatic 
Neuroeirculatory asthenia 
Pulmonary heart disease 
Rheumatic heart disease 
Syphilitic aortitis 

STlUTCTL'ir,\I< A BNORM AIJTIES 

EXDOCARDlAlj 

Valvular heart disease — mitral regurgitation — rheumatic 

Valvular heart disease — mitral regurgitation — etiology not stated 

Valvular heart disease — mitral stenosis, \rith or without regurgitation 

Valvular heart disease — mitral stenosis and auricular fibrillation 

Valvular heart disease — aortic regurgitation — rheumatic 

Valvular heart disease — aortic regurgitation — syphilitic 

Valvular heart disease — aortic regurgitation — etiology not stated 

Valvular heart disease — aortic stenosis 

Valvular heart disease — combined mitral and aortic disease 

MYOCARDIAL 

Enlargement of heart (liypcrtrophy or dilatation, or both) 

Enlargement of heart and mitral regurgitation 
Myocardial infarction 

Myocardial insufficiency (congestive heart failure) 

TERlCARDIAIi 

Pericarditis — acute 
Pericarditis — chronic 

VASCULAR 

Aneurysm of aorta 
Aneurysm — other than of aorta 
Arteriosclerosis 
Arteriovenous anastomosis 
Lymphedema 

Thromboangiitis obliterans 
Thrombophlebitis 

Other vascular diseases, such as periarteritis nodosa, scleroderma disseminatus, lupus 
erythematosus disseminatus (specify disease) 

Disorders of Function 

Adams-Stokes sjTidrome 
Anginal syndrome 
Auricular fibrillation 
Auricular flutter 
Auriculoventricular heart block 
Bundle branch block 
Carotid sinus sjuidrome 
Paroxysmal tachycardia . 

Premature beats (extrasystoles) 

Eajmaud’s syndrome (including Rajmaud’s disease and traumatic vasospastic 
disease) 

Tachycardia (other than paroxysmal) 
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ST AND ADDS OF PHYSICAL EXAMTNxVTION DITEING MOBILIZATION 


Section XIV 


Heart, Blood Ve.s.sels, and Circtlation 

02. General .service. — a. A lieart will be con.sidered normal when the apex irapulf>e 
is within the left midclavicular line and not below the fifth inter.space; when sound.s 
are normal and there are no thrills or important murmur.^; wlien there is no ab- 
normal pulsation or diillne.ss above the base of the heart; when pulse rate is normal 
and regular and there is no unusual thickening of the arteries or significant eleva- 
tion of blood pressure. 

b. A pulse rate of 100 or over which is not persistent and not due to paroxysmal 
tachycardia. (A jmlse rate of 100 or over ma}' be lemjjorary and due to excitement 
or to recent infection, such as pneumonia or local infections about the nose, moutli, 
and tliroat, or may be induced by drug.s.; 

c. A pulse rate of .50 or under which is proved to be the natural pulse rate of 
the individual or to be temporary or due to the use of drugs. (If the bradycardia 
is physiological, the rate on c.xercise will rise to a higher level and then gradually 
return to the original .slow rate; whereas, when heart block is present, the rate on 
exercise will cither change slightly or not at all, or sudden interrui»tions in the length 
of the heart cycle will be detected.) 

d. .SiniLS arrhythmia. (This consists in a quickening of the pul.se rate during 
inspiration and a slowing during expiration and is best recognized with the indi- 
vidual recumbent and breathing deeply.) 

e. Elevation of blood i)rcssurc from excitement, proved to be temporary. 

f. Nourocirculatory asthenia, if very mild in degree. 

t'-L Limited service. — There arc no cardiova.scular criteria to wtirrant initial selection 
for limited service. 


<>4. Nonaceeptable. — a. Circulatory fjiilurc evidenced by definite symptoms such as 
tindue breathle.s.-iiess, pain, or evidence of conge.«tive failure (engorged neck vein.s, 
enlarged liver, edema, as well tus dyspnea). 

b. Hypertrophy and/or dilatation of the heart evidenced by displacement of the 
tipcx impul.>ie to the left of the midclavicular line or below the .sixth rib, and of a 
heaving or dilTuse character, or by x-ray evidence. 

c. A persistent heart rate of 190 or over when this is proved to be persistent in 
the recumlx.'nt posture and on observation and re-examination over a suflicient period 
of time. See also Section XXL 

d. Baroxy.'-mal taehycaniia. See also Section XXI. 


e. block. 

f. Any serious disturban.-e of rhythm such as: auri.-ular fibrillation. 

g. Vnhular di.ccasc. 

h. Uoneenitnl heart di.sea>e. 

, ri.tcnt blood pressure at rest above 1.5(| mm. systolic or above 90 diastolic, 
.f ojoninn nf ji,,. e.vaminer the increased blood pressure is due to 

psychic rwiction and not s-vondary to renal or other sv.stemic disease. 

j. Tiiromb., phlebitis of one or more extremities if there is a persistence of the 
thrombus or any rvideri-c of .dr.-ubaory obstruetion in the involved win or veins. 

• eir. Pavn-.f vascular .sy.stein, including large varicose 

1 7 ' T' r disease (thromboangiitis oblitemnsi, ervthro- 

mc.a.gia and nrfcnos.ucro.is. I„ doubtful case« .-prs-ia! te^ts should be emplowd. 
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l. Aneurysm of any vessel. 

m. Pericarditis. 

, n. Acute endocarditis. 

0 . True angina pectoris. 

p. Coronary tlirombosis. 

q. Neurocirculatory astlienia (effort syndrome), unless very mild. Usual symp- 
toms of tills condition are exhaustion, breathlessness, heartache, and palpitation. 
These symptoms may follow exertion such as would not produce them in healthy in- 
dividuals. These and other symptoms, such as dizziness or fainting, maj' arise with- 
out evidence of organic disease sufficient to account for the disability of the indi- 
vidual. Cases of effort .'sjaidrome may be divided into four group.s. (In some cases 
more than one of those factors is present.) 

(1) As an accompaniment of organic heart disease. 

(2) Following infections. 

(.1) In individuals with poor physique or insufficient training for the work re- 
quired. 

(4) Orthostatic hypotension or tachycardia. — The blood pressui’e and pulse rate 
will be taken with the individual in the recumbent position and after standing three 
minutes. An increase in a normal recumbent pulse rate of 120 beats per minute 
or more when the individual stands, or a decrea-'^o of a normal blood pressure (when 
the individual is recumbent) to values less than 90 systolic and 60 diastolic when 
the indhidual stands may be considered evidence of a definite phy-siologic disturbance 
and in itself cause for rejection unless the condition is very temporary following an 
illness, operation, or e.xhausted state. 

65. Electrocardiogram. — The electrocardiogram is of gveat assi.staneo in determin- 
ing the nature of certain cardiac abnormalities, the most important of which are the 
various arrhythmias, defects in conduction, and diseases of tlie coronary arteries. 
The electrocardiograph may be utilized in cases where such diagnostic aid is es- 
pecially indicated but will not be employed as a routine measure. 

60. X-ray. — In doubtful cases, fluoro.«copy and teleoroenlgenography are advised 
to determine the size and shape of heart and great vessels. Films taken for the 
study of the lungs will also be viewed for cardiovascular defects. 



REPORT OF THE BOSTON BOARD 


Paul D. White, M.D., Chairman' 


T he folloiraig pages contain a suminaiy of the re-examination of 
1,000 men rejected for military service for cardiovascular reasons 
or neurocirculatoiy asthenia by tlie Boston local hoards and Induction 
Station between the years 1940 and 1943, The re-examinations were 
carried out by a Medical Advisoiy Board (No, 16) consisting of the 
physicians listed below, with the help of secretaries, technicians, and 
volunteer aides, also li.sted below. The examinations were conducted 
at the I^Iassaehusetts General Hospital, on Tuesday and Thursday 
evenings and Saturday afternoons beginning Pebniary 4 and ending 
i\Iareh IS, each session lasting three to four hours, during which time 
between 40 and 70 men were thoroughly examined and graded as either 
4F, that is, with rejection confirmed, or lA conservative, that is, with 
recommendation of acceptance for military service according to the 
strict interpretation of i\IR 1-9, or “lA liberal,” which group included 
borderline cases, the criteria for which will he outlined below. All 
those men recommended as lA conservative and borderline (”1A 
liberal”) had electrocardiograms taken and were studied roentgeno- 
logically. A few other laboratory tests were carried out. 

The routine examinations were made, after measuring and weighing 
the men, in the booths of the Metabolism Jjahoratory at the Massachusetts 
General Hospital, by five teams of physicians. For special examination 
pui'poses and for re.sting the men whose blood jiressiircs or pulse rates 
were too high, small iiuiet rooms were available in the Cardiac Lahora- 


toiy. The usual method of examination of the heart was carried out 
with the individual recinnbent and, if necessary, after exercise, using 
two stethoscopic chest pieces, the Bowles and the bell, and the mercurial 
sphygmomanometer. The murmurs were graded according to Dr. 
Levine's cla.s-sificaiion of: (1) very slight, (2) slight, (3) moderate, (4) 
loud, (fy) veiy loud, and (6) with murmur heard with che.st piece or 
ear off the chest. Fierpient consultations were held between the dif- 
ferent leam.s' on .sjiccial cases and always at least two of the senior 
examiners agreed on the classification of the men graded I A conserva- 
tive and borderline (•‘JA liljcral”). Frequently, all nine examiners 
V. ere called to conlr-rciices during the examining .se.ssion.s to diseu.ss 
atner:i] principles, special ca,se.s-. and moot points. One of the examiners, 
Dr. ohen, a neurop.sychiatrist with cardiova.seular training was avail- 
able for psycbialrif e(,nsultation. 


It 'vva.s agreed that the men d(*.‘.ignated as lA conservative .should 
be .sent up some time in the .spring by the local board.s to the Boston 
Induction t^taticin for reconsideration, provided they were still liable 
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for military service. The men designated borderline (“lA liberal”) 
are to be classed temi)orari]y along vith those labeled 4F as nnsuitable 
for military service, Imt because of the importance of this group, a fol- 
low-up '\\dll be carefully arranged for the future as well as a follow-up of 
the men in group lA conservative, whether they have been inducted into 
the Army or not. Arrangements were made to send the serial numbers 
of those inducted to Colonel Victor D. Washburn and to the Special 
]\Iedieal Advisory Board, Dr. Paul D. White, Cliairman, for the purpose 
of future follow-up. Copies of the records of all the cases of 4F, lA 
conservative, and borderline ('‘lA liberal”), on the form used, a sample 
of which is appended, have been retained by Colonel Washburn of the 
]\rassaehusetts Selective Service and by Dr. Paul D. White. 

The examinations went off especially well due to the close cooperation 
of all those involved, including the examinees, and especially because of 
the untiring and devoted help of Colonel Victor D. Washburn, Medical 
officer of the Selective Service in Massachusetts. There was only one 
untoward event, the sudden death of one of the men previously re- 
jected for rheumatic heart disease, while he was seated waiting for his 
turn in the examination on Saturday afternoon, March 13. Investiga- 
tion revealed the fact tliat this man had been seriously ill with rheumatic 
heart disease and heart failure a few months before, but had recovered, 
had recently married, and had been in fair, though probably a mediocre, 
state of health just prior to his visit to the hospital. He had been am- 
bulatory for weeks and had been doing light work. 


JIAKEUP OF TEASIS 


Team 1. — Dr, Nonnan H. Boyer and Dr. James Currens. 

Team ‘2. — Dr. Laurence Ellis and Dr. Currens. 

Team ' 3. — Dr. Burton E. Hamilton and Dr. Conger Williams. 
Team 4. — Dr. Samuel A. Levine and Dr. Elwyn Evans. 

Team 5. — ^Dr. Paul D. White and Dr. Mandel E. Cohen. 

With the constant help of Colonel Victor D. Washburn, 

State Medical Officer, Selective Service, Massachusetts. 


Secretaries 

Miss Helen Donovan 
Miss Louise Wheeler 

Technicians 
Miss Deborah Hanson 
Mr. James Sherlock 
Miss Ellen Wood 


Aides 

Mrs. Edward P. Bland 
Mrs. James H. Currens 
Miss Edith Terry 
Mrs. Robert Vickery 
]\Irs. Paul D. White 
Mrs. Conger Williams 


Specutl Examinations 


Electrocardiograms 375 

X-rays 337 

Blood tests 2 

Urinalysis 9 

Metabolism tests 2 
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CRITERIA FOR 1a CONSERVATIVE AND BORDERLINE 


The criteria for classification of the men as li\ conservative and 
borderline in Boston -were brieflj' as follows : 

1. Murmurs/^ — A. Apical. — Individuals with apical murmurs of 
grade 1 (very slight), with no hi.story of rheumatic fever and no evi- 
dence of heart disease, were included in the group lA eomservative. If 
there was a doubtful or unauthcntieatcd hi.story of rheumatic fever, 
the classification was borderline unle.s.s the very .slight murmur was 
inconstant. If there was a elearcut history, authenticated from hos- 
pital or private records, of rheumatic fever in such individuals with 
a])ical sy.stolie murmui‘.s, they were clas.sified 4F. 

If an apical systolic murmur was of the grade l-i- to 2-, that Is, be- 
tween very .slight and slight, the classification was borderline if there 
was no evidence of heai't disease otherwise, and no hi.story of rheumatic 
fever. If there was a late .systolic murmur of grade 2, the classification 
was also borderline. 


If an apical .sy.stolie murmur was of grade 2 oi- louder, that is, .slight 
to moderate or loud, rejection was in order unlo.ss the murmur wa.s com- 
I)letely dispelled in certain phases of respiration (i-are for this loudne.ss 
of murmur). 


B. Aortic Area. — A localized .systolic murmur at the aortic area of 
any intensity, unless e.xtremoly .slight (grade 1-) and dispelled by 
rcspii-alion, was a cau.se for rejection. 


C. Pulmonary Valve Area. — Systolic murmurs of grades 1 and 2 in 
the pulmonaiy area were not a cau.se for rejection if there wa.s no evi- 
dence ot Iieart disease. With full expiration a physiologic murmur 
miglit rc'ach close to grade 3 in intensity, but it almo.st always di.s- 
appeared on full insjiiration. A persistent .systolic murmur of grade 3 
or more in the pulmonary valve aj-ea wa.s con.sidered cau.se for rejection. 

I), Lett Bternal Bordei-. — A localized .systolic murmur more than 
.slight (grade 2-) at the left .sternal border unle.ss dispelled by full in- 
.s])iiation vas con.sidered cau.se for rejection. 

L. Dia.slolic Murrnui-.s. — Any diastolic murmur was a cau.se for re- 
jection. There were, however, a few cases of slight scratchy to-and-f ro 
imiimui.-,, tnidenlly extracardiac and varving with re.spiralion, which 
Be con.stdcicd phy.siologic. 


JIf fri Iiiitf. -A. A jmlsc rate of 100 oi- under, before or aftei 
H-Ntin,. \\,is e.sM.*iitial tor inclusion in irroup lA con.servative. 

n. Heart rates ur> to and iucbuling 120. if thouirht to be the rasuH 

in nej-vous exciL-nif.nt (1... ..I ,. . . ' 


or 


* oi.'iuonig lEU. If thought to be the resul' 

nous i.AiUmcnt, in the ab.soncc of any evidence of heai1 di.sea.sf 
^etion or thyrolo.vic,>sis, were cla.ssified a.s borderline. 

r<;r.nrt5"i. fS-s Xtr. hifirt riiumiur.'? f<houl(J Ik- (ilf; 
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3. Blood Prci^surc (Avcruiio of all muliug's, systolic and diastolic 
after 30 niiiuitcs rest, Avere taken as final), — A. j\[axiinnni systolic and 
diastolic pressures of 150 nim. and 90 min. re.spectively were required 
for admission to group lA conservative. 

B. Maximum blood pi’cssures of 170 .systolic (if the diastolic pressure 
was not over 90) and 95 diastolic were permissible for ineln-sion in 
the borderline groii]). 

4. NcurocB-culaiovjf Asthenia. — A diagnosis of ncnrocirculatory 
asthenia even of slight or very slight degree, was a cause for re.icction. 
The diagnosis was dependent on symptomatology and not on instability 
of pulse 1 ‘ate or blood pre.ssure, which, however, may be corroliorative. 

5. Elcoirocardio()ram. — A. QBS waves mea.snrmg over 0.10 second 
were a ean.se for rejection. Tho.se which measured 0.10 second or less 
were acceptable despite prominenee of S waves or unusual shape other- 
wise. They doubtless are Avithin the range of normal. 

B, A P-R interval of 0.20 second A\-as acceptable. Although it is pos- 
sible that a P-R interval of 0.21 or 0.22 second may be Avitliin the range 
of normal, aa'O have not included such cases in lA, even under liberal 
classification. 

C. Flattening and iuA'crsion of the T Avaves in Leads I and T.V Avere 
causes for rejection. Flattening or .slight notching of the T AvaA'es in 
Lead II, corrected by change in position of the body or the diaphragm, 
Avere within the range of normal provided there Avas no evidence of 
heart disease othenvisc, and so Avere acceptable. 

6. X-ray. — Transverse diameter of the heart shadoAV by 7 foot film 
not over 1 em. above the expected normal for the individual's height, 
Aveight, and age, according to the Hodges-Eystcr formula by slide rule or 
nomogram, Avas aceejAtable for cla.ssification in group lA conservatiA’^e. 
TransA’^ersc diameters AAdth measurements up to 2 cm._aboA’'c the expected 
normal for the indiAO dual’s height, Aveight., and age, Avere on occa.sion 
acceptable for classification as borderline pro\dded there Avas no eAudcnce 
of . heart disease and provided the build of the individual Avas unusual 
AAdth AAude chest and short stature, usually stocky in addition. 

■ Prominence of the left Aipper border of the heart and of the pul- 
monary artciy, unless excessive, Avei'e not bars to acceptance of the 
individual in classification lA conservative provided there Avas no CAd- 
dence of heart disease otherAvise, and especially if the indiAddual had a 
vertical heart position. 

7. Rheumatic Fever. — ^A history of rheumatic fever prior to fiA'e years 
before examination AAdth the absence of any evidence of heart disease- 
did not bar a candidate from military service. Repeated attacks of 
rheumatism or rheumatic fever AAdthin the last five years, and at any 
date in the presence of evidence of cardiac abnormality, on the other 
hand, Avas cause for rejection. Such history Avas authenticated. 
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TABLES SHOWTNfi THE RESULTS OK THE BOSTOX RE-EXAAIIXATION 


Tabi.f, I 

BE•EXA^^I^'ATIO^■ OF CAKDIOVASCUEAn BEJECTEES IN" BOSTOX DlMllXO FEIiKUARY AXI) 

ArAKoiij axb ox JrxE 8 , BMO 


TOTAi; j 

4f % 

1 

1 

BOI’.DEIl- 

M.VE 

% 

lA 

CO.XKEUVA 

TIVE 

• % ■ 

Team 1 

ISti 

131 

70..5 

17 

9 

38 

20.5 

Team 2 

175 

127 


11 

(5 

37 

21 

Team .3 

219 

140 

07 

38 

17 

35 

10 

Team 4 

191 

141 

74 

23 

12 

27 

14 

Team 5 

229 

153 

07 

25 

11 

51 

22 

Grand Total 

1000 

098 

(i9.8 

114 

11.4 

188 

18.8 

Con.Kcrvative and Borderline ( 

“lA Liberal”) = 

302 (30.2 per cent.) 

4F and 

Borderline (“lA 

Liberal” 

) 812 (81 

.2 i„. 

r cent) 




Tabee 11 







4F 







(Total- 

—098 

Cases) 





ot:r fixae biAoxosis tea.m 

TKAM 

o 

TEAM 

•I 

«f 

TJtAM 

4 

TKAM 

5 


TftTAI.S 

Blieumatic heart 

.SO 

7’f 

SO 

74 

83 


390 

Mitral 








Steno.'siK 

15 

18 

15 

22 

31 

101 


Bcffurgitation alone 

14 

0 

10 

12 

14 

50 


Aortic 








Steno-si.*.' 

ty 

0 

4 

1 

5 

IS 


Begurgitation alone 

8 

10 

19 

5 

5 

5'» 


Both mitral and tiortic 

42 

24 

31 

»»♦* 

28 

158 


Without Fpceification 

5 

»» 

cl 

1 

1 

0 

10 


(With auricular fibrillation) 

fo 

3 

•» 

• 1 

1 

(i 

13) 


Arterial liypertens.'ion 

25 

25 

.'14 

38 

.’.9 


101 

Sviitolic. alone 

(1 

(1 

0 

4 


10 


Diastolic alone 

7 

5 

4 

5 

•> 

23. 


Sy.<tolic and dia.'^tolic 

IS 

29 

30 

29 

3? 

128 


Xeuroeirculatory asthenia 

H 

13 

12 

12 

■S 

Ki 

8 


0] 

Congenital*' 

•> 

11 

14 


43 

f'oronary heart disease 

0 

0 

0 

1 

(1 


1 

Heart disease unspecified 

5 

• > 

0 

0 

4 


11 

Rwurrent or rc'-urrent rheumatic 0 

0 

1 

4 

1 


ti ■ 









Pa roxysmnl tnchvesirdia 


It 

(t 

1 

0 

1 

0 



T.achycardia 

-\uricnlar fibrillation (2) nr 

1 

I 

(t 

II 

1 

1 

0 


o 

flutter (1) nithoul other 

tlfif* fi 








r.CCr .'flinomiTility'* 

Special* 

'i’otn!' 

0 

1 

0 

] 

1 



-y 

1 

4 

1 

a 


,9 


L'U 1-J7 ME i4! 15.'! ''.'is 
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Tabi.e III 


Conyenital Heart Disease 


TEAM TEAM TEAM TEAM TEAil 

1 o o , - TOTAL 

.4 ^ tf O 


Interventricular septal defect 

o 

5 

G 

•> 

*> 

5 

21 

Interaurieular septal defect 

0 

1 

9 

2 

0 

a 

Subaortic stenosis 

0 

2 

0 

0 

2 

4 

Coarctation of aorta 

0 

2 

1 

0 

0 

«■> 

O 

Pulmonary stenosis 

0 

0 

o 

0 

1 

3 

Patent ductus arteriosus 

0 

0 

1 

1 

0 

2 

Tetralogy of Fallot 

0 

0 

1 

0 

0 

1 

Low aorto-pulmonary artery 
communication 

0 

0 

0 

1 

0 

1 

Prominent pulmonary artery 

0 

0 

0 

1 

0 

1 

Unspeeiliecl 

0 

1 

1 

0 

0 

2 



^Yiae QES wavcH (0.11 second) 2 

Abnoiniully long Q-T interval 1 


Special (S eases) 

Che.st deformity 

Tliyroto.xicosis 

Aortic .stenosis (? type) 

Cardiac enlargement (? carise) 
Albuminuria (persistent) 

A-V tistula (lung) 

Cardiuc neurosis 



Table IV 
lA Conservative 
(Total— 18S Cases) 


DIAGNOSIS AT TUIE OF 
ORIGINAL REJECTION NOT 
COxNITRMEI) RY CS 

TEAM 

1 

TKAM 

2 

TKAM 

o 

♦I 

TEAM 

4 

TKAM 

5 

TOTALS 

Khouniatic heart 

20 

13 

30 

11 

19 

79 

Mitral 

Stenosis 

1 

2 

1 

1 

G 

11 

Kegurgitation alone 
Aortic 

17 

7 

S 

7 

4 

43 

Stenosis 

2 

0 

1 

0 

1 

4 

llegurgitation alone 

i) 

1 

0 

0 

2 

O 

Both mitral and aortic 

0 

0 

1 

0 

0 

1 

IVithout specification 

0 

3 

a 

•> 

»> 

() 

17 

Arterial hypertension 

9 

34 

a 

8 

IG 

52 

Neurocirculatorv asthenia 

2 

4 

1 

3 

7 

17 

Congenital 

0 

2 

- 0 

1 

2 

5 

Heart disease unspecified 

5 

3 

10 

3 

6 

It 

Recent or recurrent rheumatic 
fever 

u 

1 

2 

0 

0 

3 

Heart block 

0 

0 

0 

0 

1 

1 

Tachycardia 

0 

0 

3 

1 

0 

2 

Extrasystoles 

1 

0 

0 

0 

0 

1 

Angina pectoris , 

1 

0 

0 

0 

0 

1 

Totals , 

38 

37 

35 

27 

51 

188 




448 


AMKKICAX HEART ..iOURSAI. 


Tabu; V 

BOKDKnUSE (“lA Libekai.”) 
(Total— 314 Cases) 


BIAG-SOKI.S AT TIME OF 
OKIOIXAI. rXJECTION' ( KOT 
CO.N’FIC.UEIJ BV VH) 

TEAM 

1 

TKA,M 

2 

TKAif 

•t 

•t 

'rEA.M 

4 

TKA.U 

G 

TOTAI.S 

ro.SHiBt.f: oi; 
QUESTION'- 
ABEK BET 

NOT I'KOB- 
ABI,E 

WACnO.SES 
AK KJKALt.V 
AHHEKBEB BY 
US 

Rheumatic heart 

7 

2 

12 


4 

:u} 

19 

Mitral 

Stenosis 

0 

0 

2 

4 

S) 

s 

0 

Itegurgitation alone 


0 

i; 

0 

1 

10 

In 

.Aortic 

Steno.sis 

0 

0 

0 

0 

0 

0 

0 

Itegurgifation alone 
13otli mitral and aortic 

0 

2 

0 

0 

0 

2 

1 

1 

0 

0 

0 

0 

3 

tP 

Without specification 

tp 

0 

4 

1 

1 

9 

0 

Arterial hypertension 

5 

(5 

14 

8 

i:j 

4(! 

70 

Neurocirculatorj' a.stlienia 

0 

3 

5 

3 

4 

1') 

2 

Congenital 

1 

0 

1 

0 

1 

•'t 

2 

Heart (li.uea.se unspecified 
Enlargement only 

4 

2 

•t 

»> 

0 

12 

1 

30 

Tacliycardia 

ECG abnorxnalitv onlv 

0 

0 

2 

2 

2 

(i 

27 

2 

Other (including un.stable 

0 

0 

1 

0 

1 

2 

0 

cardiova.ucular sy.stein; 

Totals 

17 

13 

.'IS 

2V, 

2.7 

314 

1144- 
10 with 
combined 
diagno.ue.s 


ADIJITIOXAIy DATA OF 3NTK1EE.ST 

lluTt* wore a iminhor of otlior intere.sling JX'latioaships nolod on analy- 
sis of the rocords, ilie rnoro irnjKjiTant of win'oli arc a.s follows; 

a. Amoii'r the 23 Xcirroos cxamincfl, 18 wore rcjcolcd, 4 v.'crc classed 
a.s borderline, and 1 was jja.ssoff. (If {lie 18, 9 were rejected because of 
h} porti-usioti. riiorc wa.s one man of Chhutse orifrin in tlife total group; 
be was rejected. 

h. Jbere ^va.s notliing of j)ar{icnlar inlen.'st .so far a.s v/e could make 



It was triK-, as v/ould be e.xpeefed, that tliere wa.s a larger 
sa ^<.ge aioouvr tlie casc.s rejected by tlie local board.s than in tbo.se re- 
jected by the Induction .Station. 

e. Iibeujn.af ie licart disease as a confinncfi eau.se for rejection was 
tound much more eomnmnly in the tbii-d decade Ilian in the fourtb; 
tlsi.s w.is true al^o, tboiiKb b.-.'^.n .strikingly, for neiirocireulalory asthenia, 
but rejection for b v f>erte{jsioji was the otljcr way around. 
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Age Guoui’IXGvS oe EuEUitATic. Hyperteksive, axp NCA Cases 


riieunatzc 

• HEART DLSEASE 

IIYPEUTEXSIOX 

.VE vnocinc ulator y 

ASTHENIA 


PECAPES 1 

PECAPES , 

PECAPES 


oRP 

4'rH i 

1 Slip 

Ath 

1 3ru 

4Tn 

Team 1 

60 

26 

4 

• 21 

5 

•> 

v« 

Team 2 

58 

35 

4 

21 

11 

2 

Team 3 

50 

21 

10 

24 

7 

5 

Team 4 

58 

16 

14 

24 

6 

6 

Team 5 

63 

20 

10 

20 

15 

1 


208 

OS 

42 

111) 

44 

17 


Age GnoupixGS or Ale Gases 


4f 

1a conservative 

BORPEKMNE 

TOTAJ, 

PECAPES 

PECAPES 

PECAPES 

PECAPES 

Srd 4th 

3rp 4th 

3kp 4th 

3l!I> 4 th 


No. 451 247 124 64 72 42 647 353 

( 1 , 000 ) 


d. A history oC previous rheumatic lever in the 4h" cases of rlicuinatic 
lieart disease was obtained as follows: 


Total cases of rheumatic heart disease 396 

Definite history of rheumatic fever 185 (47 per cent) 

Questionable history of rheumatic fever 10 ( 2 per cent) 

e. One of the most interesting- of all the fnidings was that of Die great 
diversity of tJie electrocardiograms nmong the men who otherwise 
seemed to ])e absolutely normal. The ]*ange of the normal electro- 
cardiogram is certainly wider than had been previously thought.®’ 

It u as noted tliat among tlie lA group, S wave.s wci-e frectuentlv 
Quite prominent in Deads I and II, cither in width or depth, Avithout 
increase in tlie duration of tlio QKS waves. Also, there were .some in- 
teresting variations in the S-T segments and T wavc.s Avliich at first 
glance rendered one suspicious; everything else, however, was normal. 


CHANGES IN DIAGNOSIS BESIDES THOSE TRANSFERRED FRO.AI 4f TO 1a 

Tlic most important change in diagnosis, o£ course, was in all tl 
eases listed on the previous pages as lA conservative and in inanv liste 
as borderline ('‘lA liberal”). However, there were, in addition a co. 
sKleiadtle number oi interesting and important changes in diagnosis i 
the O group, men who were confirmed as 4P imt not always for tl 
same reasons. Thus among the 153 41? cases of Team 5, tlm origini 
diagimsis was considered ineorreet in 21, and, less important it wr 
emisidered incomplete in 52 othei-s. Examples of incorrect diagnose 

asthenia (correct 

2, N enroeirenlatory asthenia for tachycardia. 
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3. Kheiimatic heart disease for congenital heart disease. 

4. Rheumatic lieart disease for arterial hypertension. 

5. Mitral regurgitation for mitral steno.sis. 

6. Aortic stenosis for aortic regurgitation. 

7. Pericarditis with effusion .for rheumatic mitral stenosis with 
auricular fibrillation and very large heart. 

8. Patent ductus arteriosus for ventricular sejital defect. 

In a number of eases with incomplete diagnoses, defects of one valve 
and not of tlie other whicli was also involved were noted; for example, 
mitral stenosis might lie diagnosed and aortic regurgitation omitted, or 
vice versa, and, frequently, rheumatic heart disease alone was diagnosed. 
These were not considered es]ieeially important. Tliough incomplete, 
they were partial diagnoses, quite likely in an effort to save time, and 
so were adequate for rejection. 

Some errors were encountered by the otlier teams which need not be 
rehearsed here, althougli the details can be found in the original records. 

.SUMJIARV 

1. A detailed re-examination of 1,009 cardiovascular rejectees for 
military service was made in Boston during the months of February and 
J\Iarch, 1943. Twelve eases with noncardiac causes for rejection were 
omitted, leaving 997 cases for tlie .statistical analysis; in order to raise 
the total to exactly 1,000, six more men were re-examined on June 8 and 
the first three of tliese added to the original 997. Nine iihysicians ex- 
perienced in cardiovascular examination, including one who had also 
had extensive neuropsyehiatric training, participated. These included 
Drs. Norman Boyer, iMandel Cohen, James Currens, Laurence Ellis, 
Elwyn Evan.s, Burton Hamilton, Samuel A. Levine, Paul D. White, 
and Conger Williams. 

2. Of this number of 1,000 examinees, 69.8 pei- cent were confirmed as 
4P (completely unsuited for military .service), 18.8 per cent were recom- 
mended as lA conservative (completely suitable for military service), 
and 11.4 per cent as borderline (“lA liberal’') cases. It is this border- 
line group, as well as the lA conservative group, that should be of much 
interest for future follow-up, although for various reasons we have not 
recommended that this liorderline grou]) be admitted into military serv- 
ice at the present time. Thus, about 19 ])cr cent were considered as 
salvageable on the basis of their physical condition, with the probability 
of a total of about 30 per cent (18.8 plus 11.4) falling within the normal 
range. 

3. Among the individuals designated as 4F, the most common con- 
fii’ined cause for rejection was rheumatic heart disease, making up 39.6 
per cent of the total series, or 56.8 per cent of the 4F group. The second 
most common cause for rejection was ai’terial hypertension, making up 
16.1 per cent of the total, or 24.4 jier cent oC the 4F group. The third 
most common cause was neuroeireulatory asthenia, comprising 6.1 per 
cent of the total, or 8.7 per cent of the 4F group. The fourth most 
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conimon cause Avas eoiigciiital heavt disease, which comprised 4.3 per cent 
of the total, or 6.2 per cent of the 4F grou]). Tlie other miscellaneous 
causes altogether made u]3 only 40 cases, or 5.7 ] 3 er cent. Miscellaneous 
cases included recent or recurrent rheumatic fever, paroxysmal tachy- 
cardia, uncomplicated auricular fibrillation or flutter, and coronary 
heart disease (see tables). 

4. Of the rheumatic heart cases, mitral valve disease was diagnosed 
in 315, that is, in the great majority, Ijeing associated with aortic valve 
disease in 158. Mitral stenosis without aortic valve disease Avas 
diagnosed in 101 cases, and mitral regurgitation alone in 56 eases. 
Aoi'tic stenosis Avithout miti-al A’alve disease Avas diagnosed in 18 cases, 
and aortic regurgitation alone in 53 cases. Both mitral and aortic Amlve 
disease Averc diagnosed in 158 ea.scs. Rheumatic lieart disease AAuthout 
specification Avas diagnosed in 10 other cases. In 13 of the rheumatic 
cases, auricular fibrillation complicated the picture, ahvays associated 
Avith mitral vah'e disease. 

5. The majoi'ity of the cases of arterial hypei’tension had both systolic 
and diastolic hypertension, 128 out of 161 cases. Ten had .systolic 
hypertension alone, and 23 had diastolic hypertension alone. 

6. Ainong the 43 ca.scs of congenital heart disease, A^entricular se]3tal 
defect made up almo.st half, namely, 21; auricular septal defect aa^s 
diagnosed in 5 casex, subaortic stenosis in 4, coarctation of the aorta in 
3, pulmonic stenosis in 3, patent ductus arteriosus in 2, and tetralogy 
of Fallot in 1. There Avere 4 other miscellaneous cases. 

7. The most common cause for ])reAdous rejection in the group of 
lA conservative cases Avas rheumatic heart disease, 79 cases out of 188 

■ (42 per cent) ; arterial hypertension Avas second with 52 cases (28 per 
cent), and neurocirculatory a.sthenia. Avas th.ird Avith 17 cases (9 per 
cent) ; un.specified heart disease had been diagnosed in 27 cases and con- 
genital heart disease in 5. 

Disabling mitral regurgitation on the basis of an apical systolic 
murmur had been diagnosed Avrongly, AA’^e thought, in 43 cases. i\Iitral 
stenosis had been diagnosed Avrongly in 11, aortic stenosis in 4, aortic 
regurgitation in 3, and both mitral and aortic A-ahm disease in 1. Dis- 
abling tachycardia had been diagnosed in 2. ITeai-t block had l)cen re- 
ported in one case in which there Avas obviously simply an intermittent . 
pulse due to the freciuent occurrence of premature beats. 

8. In the T)orderline group AAdiich aa^c at fir.st lalieled “lA liberal,'’ the 
chief cause for rejection had been arterial hypertension, in 46 eases out 
of the 114 (40 per cent). The next most common cause for rejection 
AA'as rheumatic heart disease, in 30 cases (26 per cent). Neurocircula- 
tory a.sthenia had been diagnosed in 15 (13 per cent), unspecified heart 
disease in 12, and disabling tachycardia in 6. 

9. The most difficult pi-oblems AA^ere three in number. 

, A. The determination of the normal blood pressure range. 

,B. The interpretation of slight systolic murmurs at the apex. 

C. The diagnosis of neurocirculatory asthenia. 
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It was frequently necessary for all of Uie "roiij) lo confer about sonic 
of these cases and even then the opinions were occasionally divided. Jl 
was for that reason that the borderline group \va.s listed for further 
study. This included (a) cases with blood pre.ssures a little above the 
limits ordinaril}' regarded astlie U]>j)er range of noraial, that is, between 
150 and 170 systolic, oi* between 90 and .95 diastolic; fb) eases with 
.systolic mui-mui'S louder than grade 1 but not hauler than grade 2 at the 
apex; (c) cases with heart rates above 100 and up to and including 120 
after resting; and (d) ea.ses with heart size by x-ray above the stand- 
ards set for the noi-mal upper limit (a Iransvei-se diameter up to 1 
cm. beyond that calculated), namely, willi transverse diameter up to 2 
cm. above the expected measurement, provided nothing else was wrong 
and prodded the build of the individual (wide ehe.st and short stature) 
was in keeping. 

10. Two interesting liy-produets of the.se re-exarninations were: our 
observation of the attitudes of the juen them.selvo.s, and a notation of 
their suitability for the particular work they were doing. In the great 
majority of case.s. the morale of the men .seemed to be excellent although 
a good many were obviously di.sappoinled at not being in uniform. 
They had become, for the most part, reasonably well adjusted to their 
rejected .status. 

The work being carried on by the rejectees wa.s extraordinarily vru’ied 
and in the main very u.seful, much of it having to do directly with the 
war effort, as, for example, employment in .sliipyards. Only a very few 
of the men were unable lo work at all because of their heart condition. 

Attention to their medical needs .seemed to have, been .Sfitisfactory, 
but we gave furtlier advice here and there as needed, particularly telling 
them to keep in touch with their own doctors if thei'c wa.s any particular 
reason for elo.se follow-up. 


CO.XCI.r.SIO.VS AXT) .SrOOESTIO.N'.S 

3. It lias been evident from tliis re-examination in Boston that the 
care with which individuals having or .suspected of having, heart disease 
or Jieurociroiilatory asthenia have been analyzed and rejected by the 
local boards and Boston Induetion .Station has, without doubt, kept 
low the actual admission of e.'iidiacs into the Anuy, but, (piite possibly. 
It has excluded a <T*rtain })crceutage of normal men, Jt i.s lo ])e expected 
that, sneli a re-cxarnination as has been carried out by the .Special 
.Medical Advisoiy Boaj-d would raise the i)j-obJem of the range of the 
noiTOal heart, ami result in the reeoinmendaf iof! for aceeptance of a 
certain number of ttio.se wlio, at the lime of the fjr.st e.xamination, %vere 
fon.videiTrd dotibffui or .abnorina!. 

2. It i.s pos.sible that a sb't'blly imu-e Hbei-al interpretation of the 
heart rate, binod lires.sure, ami heart tonrniurs may reduce the number 
of crises rejectable, on fimlirjg.s which juay be witldji the ratice of iior- 
rnrd .as noted in the present report. 



. : llE-EXAMIXATiON OF MEN RE.lECTEb : BOSTON BOAKl) 453 

3. Further eonsideratiou should he given as to/Avhether all, some, 
few, or none of the additional criteria forunore liberal interpretation 
of the findings as expressed in this report, called borderline or ‘'lA lib- 
eral,’* may reasonably be added to MR 1-9 for admission to the Armed 
Services. We have been especially impressed by the unimportance of 
sinus tachycardia per se, also by the frecpiency of slight and transient, 
probably unimportant, elevation of blood pressure (in particular 
systolic), and by the normal occurrence of very slight heart murmurs 
in excited young men with active circulations. This group, which we 
have labeled “borderline” or “lA liberal,” is an important one for us 
to- follow in the future from the .standpoint of adding to our Imowledge 
of the range of the normal heart. We cannot yet speak with certainty 
about some of these points, especially the blood pressure and murmurs; 
perhaps Ave never shall be able to do so, but such may be possible after 
further experience in the majority of cases. Appended to this report 
are some letters from various examiners of our special board, expi-ess- 
ing individual opinions concerning some of the moot points. 

4. The diagnosis of neurocirculatory asthenia must be based pri- 
marily on the history of symptoms and on neuropsychiatric analysis. 
In these civilians the condition is evident or latent, chiefly in neuro- 
psychiatric cases, in contrast, to the le.ss important, although temporarily 
incapacitating, neurocirculatory asthenia tliat may involve the more 
rugged soldiers as the result of all kinds of strain from, battle, infection, 
.or other cause for fatigue. Therefore, Ave consider neuropsychiatric 
analysis of candidates for military .service of prime importance for the 
detection and elimination of individuals avIio avouIcI be prone to neuro- 
circulatory asthenia. 

5. It is evident to us in Boston that this study has been of value, 
not so much for the salvage of men for the Aimied SerAUces, as, par- 
ticularly, for the clarification of the problems that facn the medical 
examiner of the neAv recruit and for pointing the direction for future 
research. 

. We wish to take tliis opportunity to express to the Selective Service, to the Medical 
Department of the Army, and to the civilian workers who have carried out this studA', 
our great appreciation and thanks. 

Paul D. White 

Chairman of Boston Special Advisory Board 
letters FROM EXAMINERS 

Dear Paul : 

Thrills— The notation of thrills should be abandoned entirely. When a thrill 
is marked and readily timed, there is always a murmur. The thrill is then of no aid 
in diagnosis. . When it is faint it often leads -the examiner astray. 

Systolic Murmnrs.—The most important single notation is the intensity of a 
murmur. All systolic murmurs of grade 3 intensity or louder should disqualify ,tlie 
selectee, All, grade 1 murmurs should be disregarded unless there is other evidence 
■ M heart disease or unless there is a definite history of rheumatic infection. If there 
IS only a grade 1 . systolic murmur and the, rheumatic infection took place more than 
, five years before, if everj-thing’ else is normal and the man appears fit, he may be 
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acceptable a.s “]A libera!.” Grade ] or grade 13 pulmonary Ky.>f{olie mur- 
murs can be accepted a.s lA conscr\-ativc. Apical grade 2 sy.'ifolic inunnur.s' 
nitli heart rate 80 or under, are not acceptable. Grade 2 .‘.'v.stolic murmurs 
witli heart rates over 100, with no other evidence of heart disease, can be clas.-dfied 
as “lA libenil.” Heart rates between 80 and 100 with grade 2 systolic murmurs 
are open to quc.stion. 

Heart Jlntc . — A normal sinus rate of 120 or le.s.= should be regarded a.s insignifi- 
cant. A resting heart rate of over 120 should di.sqoalify the .“electee. 

Blood Pressure . — Readings of lO'O systolic and 05 diastolic or le.«.“, on the fir.st 
e.vamination or after one-half hour rest period, should be acceptable. 


S. A. Lbvj.vi; 

Dear Dr. Wiite; 

Although I took no active part in the di-^cussion at our meeting last Tue.sday, 
I did have some thoughts on the matters discussed. 1 am in entire agreement that 
simple tachycardia per so should not be a bar to acceptance into the .Armed Forces. 
In the matter of munnur.«, I am in agreement with the la.st memorandum which you 
sent out, ei'cept that I have wondered about the advi.sabiliti' of accepting grade 1 
apical systolic murmurs in the absence of a hi.story of rheumatic fever, and rejecting 
tho.se with a murmur of the same intensity' but with a history of rheumatic fever. 
In view of the frequency with which dia.stolic murmurs are found in the absence of 
I) 0 sitive rheumatic hi.story, it would seem wiser to me to ela.ssify on the basi.s of 
phy.sical signs alone, and that all grade 1 apical sy.stolic murmurs be accepted or all 
rejected, but I favor the former. 

In the matter of the blood prc.s.sure, about which there seemed to be considerable 
ditTercnce of opinion, it seems to me that the crux of the situation lies in General 
Hillman's report. Presumably, the total number of recruits with borderline or 
slightly elevated blood pressure is small, and if the numbers of such soldier.s who 
have gotten into difficulties have been great enough to come to General Hillman at- 
tention, it would seem that the problem would be an important one if the number 
of such recruits were to be increased. Furthermore, J have wondered how great 
the y'ield in man power would be if the standards were lowered within reasonable 
limits. Our e.xiierience with the 1,009 rejectees would indiciite that the Army would 
gain only a handful of men out of the thou.sands examined in iletropolitan Hoston. 


Sincerely, 

Nor.jJ.v.v H. IJovm; 

Dear Paul: 

Here are my thoughts in regard to hyperten.sion and tacliycardia a.“ involved in 
Army induction examinations. 

Hyiivrtension. — In regard to clev.'ited blood jjre.asure there are two basic quc.“- 
tions to })C con.sidered : (1) j.s the Army interc.«led in men who will make elTective 
soldier-s now and in the immediate future, i.e., for perhap.“ five yt-ars, only; or is it 
niro trying to weed out men who will ultimately' develop arterial hypertension and 
)!.s comjdication,-. i.e., in ten to forty year.s; (2) are blood prc.‘-.‘'Uie mea.xurerrierils 
to be employe'] to discover in.stnnces of primary or secondary hy'perten.sion otdy, or 
cl.-'c st» !in t;bj(s/tive nica.sure of other types of condition,-^. e.“pecial!y neuroi.’irciilafory' 
{isthenia? 

I. do not ijclifve that men wlio, v.'e think, will make good soldiers at t.’ie present 
• irne, iiijt wjio may ultimately develop hypertension should be excluded from the 
.^rmy, on the ground that they may ultimately become a cliarge on the Government, 
bec-nise: (a; '.^e know altogt-tlier too little about the ileteetion of iiypertcnsion in 
it.s iticipttri? or |ireliyj,crlerisive stage; (b) we can fell even Jess about the rapidity 
•,,ith 'ahji'i! hy'pe.'-ten-'i.jn tr-jj] jirogre.ss and develop coirijdii-afions in the individual 
case (With file exceptirm of severe benign or maiignnnr tyj»e.-; ; (e) we do not knovr 
itIi.-i* she lu'sHi'v of the cs/untry will l>e in reg.'ird to pen.*-ions, etc., after ihir wsir, ami 
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the social security, program may well bring many of these people under government 
care even if they have not served in the Arm}*. 

Therefore, our problem is to select and weed out men who may get into trouble 
in the next few years. In regard to this there are no data as to how much, if at all, 
the rigorous physical conditions of Army life and the state of fear and anxiety in 
combat situations aggravate early liypertension and precipitate vascular disasters. 
We must assume they do to some extent. I believe we should exclude men who we 
really think have significant hypertension at the present time, and my blood pressure 
criteria for such exclusion would be: a persistent pressnre above 160 systolic and 90 
diastolic after 30 minutes rest, with the exceptions that, in men with unusually 
thick (especially muscular) arms, an extra 5 mm. in both systolic and diastolic 
l)ressures may be allowed; and also, in the absence of all other reasons for rejec- 
tion, systolic pressnres up to 170 may be allowed provided the diastolic is 80 or 
below. 

In regard to the second question: althongh abnormal blood pressure measure- 
ments may be corroborative of conditions other tlian primary or secondary hj-per- 
tension, such as neurocirculatory asthenia, h}q)erthyroidisni, aortic regurgitation, etc., 
by themselves they are insufficient evidence of any of these, and therefore by them- 
selves should never be the occasion for such diagnoses. 

Tachycardia . — In the presence of tachycardia of over 100, conditions such as 
recent acute infections, neurocircnlatory asthenia, In'perthjwoidism, heart disease, etc., 
should be particularly sought for by sjTnptoms and signs, and if the heart rate is 
over 120 after 30 minntes rest, an electrocardigram should be taken. Simple tachy- 
cardia, without any other e\idence of disqualifying disease, should not be a cause for 
rejection unless, after 30 minutes rest, it is over 140. 

I enjoyed taking part in the examinations very much and learned a good deal 
from them, mainly because of the opportunity to compare opinions with you and 
the others. It seems to me tliat tliey were very worth while, not so much from the 
point of view of the rejectees that we re-examined, as from the knowledge and ex- 
perience which was gained by all of us, which should be of help in establishing stand- 
ards for the future. I certainly hope that the men we examined will be followed 
up in the future. 

With best regards, 

Sincerely, 

Larry Ellis 

Dear Dr. Tiniite: 

The observations on neurocirculatory asthenia in this study demonstrated that 
there is far from unanimity in the definition and diagnosis of this condition. 

In 35 cases in which the diagnosis had been made, our group did not substantiate 
this diagnosis, and the men were put in lA. In 28 cases the diagnosis of neuro- 
circulatory asthenia was substantiated, and the men were kept in 4F. In 14 cases 
the diagnosis was changed from neurocirculatory asthenia to some other cardiovascu- 
lar diagnosis, usually hjqiertension, and the patient was retained in 4F. In 37 cases 
the patient who had been turned do^vn for some other reason Avas kept in 4F ivith 
the diagnosis of neurocirculatoi-j* asthenia. In other words, we were in agreement 
Avith the original diagnosis in 28 cases, and Ave were in disagreement in 86 cases; 
that is, Ave AA’ere iii agreement AA'ith the original examiners in 25 per cent of the cases 
and in disagreement in 75 per cent of the cases. 

' The basis of disagreement Avas apparently, in large part, a matter of definition. 
It was the feeling of our group that the man’s medical liistory, social history, and 
Avork history were more important in the diagnosis than signs such as pulse, blood 
pressure, and sweating.. If the patients had suffered in the past from palpitations, 
breathing difficulties, chest discomfort, nervousness, or faint and dizzy spells, and 
these had interfered Avith the patient’s Avork or actmty, it Avas felt that the diag- 
, nosis of neurocirculatory asthenia was justified, and that the patient Avas not good 
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ioidier material for unlimited service. Tachycardia or hypertension in the absence 
of pircvious s^Tuptom? tve did not feel constituted a useful basis for the diagnosis of 
ncurocirculat ory asthenia. 

It is desirable that a uniform method of diagnosis for this condition be established 
at induction botirds and in .service Iio.spital.*--. 

A related problem which I wish to comment on is tluit of hypertension. It ha.s 
.‘■censed to me liighly impractical to try to decide in a given case whether a man has 
“nervous hyperten.«ion” or “real hyperten.sion, ’ - 1 don't .«ee that there is mucli 

practical importance, for military purposes, of deciding thi.s point. In tiie absence 
of complicating heart di.sease or renal di.=ease, I don ’t think there i.® any evidence 
to show that hi,'j)erten.sion of any degree i.s a liandicap in military service. It is 
true that from the insurance compaiiy'.« point of view a man with hy]>erfension is a 
poor risk. However, from the Army’s standpoint, there probably isn’t any valid 
evidence to sliow that men ndtli hypertension make poorer soldier.® than men tvitli 
normal blood pressure. Of eour.se, the compen.ration element has to be considered, 
but since compensation problems are to such a great extent deluded by nonmcdie.al 
criteria, it doe.s not seem u.®eful to consider this problem in making medical recom- 
mendations. 

Your.s siinamely, 

M.\.vr>Et, E. CoJiKS, il.Ih 


ADUEXUEM 

Of the ea^c.s that were considered to iK-long to the J.A status by the Boston 
.tdvisory Board, the following disposition had been mtule up to .Tan, IS, ]!M4. 

<Tlie 3S8 returned by us as lA were the basis for this group of l.hO case.®. Two 
borderline cas<.*s were inducted by iiii.«tnkc,) 


Commis.®ioned in Army 1 

Inducted, Army 7'! 

Inducted for limited service I 

Inducted, Navy 22 

Inducted, IVIarine Corps 

Total 100 

Ib'.dassififx] 4F by I.'ical Board: 

Peptii! ulcer 1 

New fracture 1 

Epilep.sy ] 

Endenveiglit I 

Total 4 

Bwlas.^ified bv Local Boaid: 

1- A-H ■ .5 

2A 2 

2- V, ]7 

-:-A 1 } 

i 

Total ;tj 

Jicjt-frted jtt Induction Jstaiion: 

Organic heart div-ase 2 

Congenit.'d heart diMmse J 

.\rtcrial hypertension g 

History' «)f rlieuniafic fever Z 

Ne-ijrop-yciii.'ifri!' retisons .'iO 

Nenroioci,. li-Zitmu o 

Oiia*r reasons J-J 

Totn! 

tJrnnd Total ]pn 



REPORT OP THE CHICAC40 BOARD 
G. K. Penn, Chairman 

OBJECT OF STUDY 

T his study -was begun at the instance of National Selective Service 
and the National Research Council to determine the possible salvage 
of man iiower by a careful re-examination of men who had been rejected 
for military service because of cardiovascular disease. 


PLAN 

The Chicago Board was organized under the Advisory Chairmanshix) 
of Dr. James B. Herrick. The examiners were selected from those men 
who were competent to recognize the various forms of cardiovascular 
disease. The Social Seiwiee Department of St. Luke’s Hospital, Chi- 
cago, was selected as the site of the examinations. The Board elected 
to meet three times weekly, Tuesday and Thursday evenings and Sat- 
urday afternoon. The members of the Board were arranged in three 
groups in order to meet this arrangement, which, however, was soon 
abandoned, the Saturday afternoon period being given up. Thus, the 
Board was rearranged to meet the two evening periods each week. 
Lieut. Col. E. Mann Hartlett, Medical Director of Selective Service for 
Illinois, met with the Board at the organization meeting and assisted in 
the formulation of plans. Colonel Hartlett was at all times mo.st help- 
ful and cooperative and promptly met every request of the Board, 
although these were many and often burdensome. 


PERSONNEI. 


Special Advisory Board No. 39 
Advisory Chairman, Dr. James B. IlerricJ: 
Dr. G. K. Fenn, Chairman 


Dr. Joseph A. Capps 
Dr. George H. Coleman 
Dr. R. A. Dolkart 
Dr. Max P. Gethner 
Dr. W. S. Gihson 
Dr. N. C. Gilbert 


Dr. L. E. Hines 
Dr. Prank B. Kelly 
Dr. J. Roseoe Miller 
Dr. Carl 0. Rinder 
Dr. Sidney Strauss 
Dr. Howai’d Wakefield 


Dr. E. L. Jenkinson, and his staff, of the X-ray Department of St. 
Luke’s Hospital, supplied all x-ray work and the interpretation thereof. 

j\Irs. Olga ]\Iarland, of the Electrocardiograph-kletabolism Depart- 
ment of St. Luke’s Hospital, was in charge of integrating the work of 
the Board with the office of Selective Sendee. It was her untiring 
effort and attention to detail that permitted schedules to be met. 
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]\rr. Leo ]\r. Lyons and Dr. A. P. Iderril], of the Administrative De- 
partment of St. Luke’s Hospital, put all of the necessary facilities of 
the hospital at the disposal of the Board. 

Lieut. Col, E. Mann Hartlett, Medical Director of Tllinois Seleelive 
Service, was re.sponsible for sui)plyin" the men foi- examination. He 
always did this clieerfnlly and at the appointed time. 


Clerical Asifistan is 


Lydia Hencky 
l\rerrill Sutherland 
^Margaret Thompson 
Bemaee Yander Linden 


IMargaret Voelkcr 
jMargaret Weeden 
Clare Weiner 
Marion Wickland 


Elecirocardioffraph Tech nicinn 
Jo.sephine Knoll 


I’ROCEDURE 

l\Ien were sent in by Selective Seiwe from 52 of the local boards 
situated in the city of Cliieago. The .smallest number from any .single 
board was one, and tlie greatest number fi-om an}' single board was 
forty-seven. Tlio men were examined, for the most part, on Tuesday 
and Thursday evenings, beginning at 6:30. The men were .selected 
at random by order number from all of the boards, which were widely 
scattered througliout the city. The only requii-ement was that they 
miLst have been rejected by the local board or induction center because 
of eardiovaseiilar disease only. The usual number to report for ex- 
amination at one session was 60 to 70. The smallest number to report 
at one time was 18 and the largest numl^er was 109. 

A special foi-m, labeled Special BxaminatioJi of Ke.iectees Witli 
Cardiovascular Defects ( DSS Fonn 1003), was distributed to the local 
boards. The.se foians were partly filled out by the local boai'd and 
wore .sent by mail, together with the local board or induction station 
record, to the examining station at St. Luke’s Hospital. It was ar- 
ranged that thcs(‘ records would arj-ive a few days in advance of the 
time that the men were I’cquircd to report for examination. 

In all, 1.082 men were registered at the examining station. Of this 
number, 15 were found to have been rejected for causes other than 
cardiovascular disease; 37 men were found to have di.squalifying de- 
feels iti addition to cardiovascular disca.se. This left. 1,030 men who 
qualified for examination in this study. t)n the last evening of the 
.study. 9,1 men reported for e.xamination but none of these 93 was 
recommended for tninsfer from 4F to lA, Consequently, the last thirty 
ixeords were .«ct aside to bring the number to 1.000 men. This made 
no differeni'e in the number of me?i transferred from 4F to lA and 
made but a .small traction of 1 per cent of ditTerence in the calculation 
of the <*auscs for rejection. 
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At every session of the Board, the proportionate nnmher of records 
were distributed among the members. Many of the records contained 
reduced x-rays and electrocardiograms. Whenever there was doubt 
concerning any examinee, a conference of examiners was held. X-rays 
and electrocardiograms were made routinely on all men recommended 
for transfer from 4P to lA. 

As a general thing, the instructions contained in War Department 
ME, 1-9 were closely adhered to. In all doubtful cases, 2 meter chest 
films were made so that the Hodges-Eyster formula might be applied, 
and electrocardiograms were made. In every case the x-ra.y and the' 
electrocardiogram were reviewed by the examining physician and by the 
chairman of the Board. 

1. Eheumatic iieart disease offered no great difficulty except as far 
as accuracy in diagnosis of the lesion was concerned. A certain num- 
ber of eases were obvious!}’- unfit for militaiy service, but insufficient 
time was spent with them to be reasonably certain of the accurate 
diagnosis. These are listed as unclassified. 

2, The hypertensives offered the greatest problem. The Board ad- 
hered to the instructions in MR 1-9, but it feels that it is here, if any 
place, that more liberality might have been shown. 

3, The Hodges-Eyster formula was applied to govern excessive heart 
size. The Board feels that this is not the ideal method of judging in- 
crease in heart size. Nine men were rejected because of increase in 
heart size alone. Two men who were found to have increased heart 
size were recommended for transfer from 4P to lA. 

4. The Board doubts that tlie true incidence of syphilitic heart dis- 
ease is represented by 0.5 per cent. 


RECOAIiMENDED FOR TRANSFER FROM 4f TO 1a 

Thirty-eight of these examinees were recommended for transfer from 
4P to lA. While the rejections as a rule did not offer much of a prob- 
lem, the men who were transferred required very careful study indeed. 
Only twelve of the thirty-eight were found by the examiners to have 
no abnonnal cardiovascular findings. 

In the case of the remaining twenty-six, careful study was required 
to decide whether or not the abnormal findings were significant. Apart 
from the electrocardiograpliic phenomena, which will be discussed un- 
der the laborator}^ work. Table I presents the incidence of abnormal 
physical findings. 

Chicago. Table I 


Systolic murmur (not significant) 9 

tystblic murmur (not significant) plus slight increase 1 

in heart size 

Transient tachycardia 2 

Transient tachycardia plus slight increase in heart size 1 

Transient hj-pertension 2 


15 
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Tha ivmnUihvr elevou ji.nfl oJetOroftardiotrniphic' findiim.s only, 

O’he Board, after eonsiderinir all of tin; evklenee, sent tJiis ojoup of 
tliiBy-ei^hl nion Ijack to the iiuluelion renter for Class 1A. Colonel 
Hartletl has promised the Board that he will obtain the Army serial 
iiumbeis of thes-e induct e(?s. It. is jn-oposed to })ool tliese numbers witli 
othei-s obtained in a similar fashion so that tlie ])rotrrcss of these men 
ma.v i)e obsen'cd. The local boai-d and induction station diafnioses in 
these thii'ty-eight men are 'riven with the individual records. 

CnreAoo. Takck JI 
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carried out at the direction of the Board. Many other electrocardio- 
g-rams and x-rays that had been made elsewhere were reviewed by the 
Board' 

The basal metabolic rate determinations were -i-30 per cent, 4-23.5 per 
cent and -11 per cent. All of these men were rejected. One urinalysis 
was negative. The other shoAved the presence of albumin and casts. 
Both of these men were rejected. Tiie erythrocAde sedimentation rate 
AA-as AAuthin normal limits. This man A\’as transferred from 4F to lA. 

Electrocardiogi’ams and 2 meter chest films Avere studied in the 
case of all men transferred from 4P to lA. The Hodges-Eyster formula 
Avas applied to all chest films. With tAA-o exceptions, the heart size and 
contour Avere normal in all of these x-raA's. In tAvo cases, previously 
mentioned, the actual heart size slightly exceeded the calculated size. 

In eighteen of the thirty-eight men recommended for transfer from; 
4P to lA, tlie electrocardiograms AA^ere quite normal. In tlie remaining 
tAA^enty men the electrocardiogram shoAAmd some abnormalit.y. The 
most common aberration aa'rs that of right axis deviation. The Board 
realizes that axis deviation does not indicate cardiac pathology, but it 
AAms rather surprising to find such a large number of right axis dcAua- 
tion curves in this group. It occurred three times alone, and seAmn ad- 
ditional times AAuth some other finding. Thus, it occurred ten times: 
in one-half of the cases shoAving electrocardiographic aberrations, and 
in 27 per cent of the total number transferred from 4P to lA. In 
eleven instances the electrocardiographic change Avas the sole aberration ; 
in nine instances such changes Avere associated AAuth other findings. 


Electrocardiographic Change Alone 

Right axis deviation alone 3 

Right axis deviation plus aberrant QRS 1 

Right axis deAuation plus depressed S-T segment 1 
Left axis deviation 2 

Depression or elevation of S-T segments alone 2 

Depressed T Avaves alone 2 11 

Electrocardiographic Change Plus Other Finding 

Right axis deAuation plus systolic murmur 2 

Right axis deviation plus transient liyperlension 2 

Right axis deviation plus transient tachycardia • 1 

Prolonged P-R inteiwal plus systolic murmur 1 
Aberrant QRS plus .systolic murmur 1 

Depressed T aa^a^cs plus systolic murmur 1 

Marked sinus arrhythmia Avith nodal escape plus 1 9 

systolic murmur 


Total 20 


In the group that Avas rejected or continued hi Class 4P, thirty x-rays 
and electrocardiograms AA^ere made at the request of the Board. In 
fourteen instances the x-i-ays AAmre quite normal. In twelve of these 
cases the electrocardiograms AA'cre also normal, but the men AA^ere re- 
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jecicd because ol‘ peisistent tachycardia, ]].'\^)erlcn.sion, Hciiroeircidaloin’ 
asthenia, or some other cause. In two of these ca.se.s the electrocardio- 
grams were somewhat abnormal, one .shoudn" frequent premature 
ventricular systoles together with a marked sinus aiThythmia and the 
other a depressed T wave in Lead WF together with a left axis devia- 
tion and a deeply inverted T,. 

In twelve instances the heart size was more than 1 cm. greater than 
the predicted size. In nine of these cases no otho- reason wsis found 
for re.icetion. In three eases the electrocardiograms were also ab- 
normal. 

In three instances the heart was within noianal limits but had a dis- 
tinct mitral configuration. In all three of these the electroeardiogi-ams 
were questionable. 

In one instance the x-raj' seemed to cstabli.sh a diagnosis of active 
pulmonary tuberculosis. 

Tables III to, XVI represent a tabulation of the cau.ses iVn- re.iection 
in 962 cases that were continued in Class 4F. 

Chicago. Ta«i.k TIT 

pEi:cr:xTAGE OK Kejectioxs IX Each Cateoory 

CATEGORV TOTAI CASH.S lilMECTED CA.Si:.S 


(%) (%) 


Jtlicuniatic disea.‘'G 

CA.B 

07.2.0 

IIjq)erten.<-'ion 

19.0 

20.0 

Congenital lieart flisea.se 

2.8 

2.tl 

Tachycardia 

2..I 

2.4 

Hj-perthyroidi.sni 

0.8 

0,8 

Arrliythniia 

O.y 

O.a 

Uncla.ssified 

2.8 

2.0 

Ilypcrtropliy 

0.9 

0.9 

Syphilis 

O.il 

0.i> 

Nourocirculatory u.'-Tlicnia 

t.i 

1.1 


Chicago. Tahi.e lA'' 
IlHEu.MATic Heart Hi.srase 



xo. 

I'Ei: CKXT 

Total e.yaTiiinations 

Ttcjccted for rlieuinatin heart disea.sc 

1,000 

048 

fj-}.s 

Jotiil rejections 

902 


Pcn.'erjtagc of rejecfee.K with rheumatic disease 


ru.2'> 

Aljtral disea.*!!* ' 

Mitral insnfReieney onJx’ 

.\nrtie disease 

Aortic insufticicticy oiilr 
ilitral and aortic 
trnsjiecitifd* 

Ilhenmat).- fever! 

292 

144 

10 

:!7 

12.- 

,'17 

45.0 

22 2 

1.5 

.5.8 

19.2 

.5.8 

(>.5 


of h;r;rt O'R'fll.-.tion fn 

of rh'-unnlio ioiirt «n!y, JcFion 

ff-ver or roront ric;uf»ri!i,: U v<<r. 


.Vo (lonior 
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Chicago. Table V ' 

Cause for Eejectiok by Local Board or Induction Center* of 648 Selectees 
Eejected Under Gener.vl Diagnosis of E.iieujiatic Heart Disease 


Chronic valvular heart disease, unspecified 171 

Chronic valvular heart disease, with mitral insufficiency 95 

Chronic valvular heart disease, with mitral stenosis 77 

Chronic valvular heart disease, with aortic insufficiency 38 

Chronic valvular heart disease, with mitral and aortic disease 30 

Eheumatic valvular disease 38 

Organic heart disease 20 

Cardiac hypertrophy 19 

Mitral insufficienc}' 15 

Chronic vahnilar disease, with double mitral 15 

Mitral murmur 15 

Heart trouble 14 

Large heart with mitral murmur 12 

HjTiertrophy with mitral regurgitation 12 

Tachycardia 1 8 

ilitral stenosis 8 

Systolic murmur 7 

Heart lesion 5 

Cardiovascular disease 5 

Auricular fibrillation 5 

Mitral lesion 4 

Aortic diastolic murmur 3 

Pericarditis 3 

Congenital heart disease 3 

Leakage of the heart 2 

Systolic and diastolic murmur 2 

Myocardial damage 2 

Chronic valvular disease, with aortic stenosis 2 

Mitral heart disease 2 

Arterial hj'pertension with myocardial damage; mitral and double 12 
aortic murmurs; tachycardia with valvular incompetence; 
thyrotoxicosis and myocarditis; cardiac pathology; aortic ob- 
struction; murmur over valvular heart; rheumatic fever; chronic 
valvular disease with double aortic; cardiac arrhytlimia; heart 
block; bilateral ocular nystagmus (one each) 


^ 

Of tliis group, four were Filipino, thirty-nine were Negro, and GO 5 were white. 
*DSS Form 1003. 


Chicago. Table VI 
Hyperten.sion 

(The Board rejected for hypertension or hypertensive heart disease a total of 
196 selectees. In all cases the sy.stolic pressure was more than 150 mm. with the 
exception of three cases in which the systolic was within normal limits but the 
diastolic pressure was more than 100 mm.) 


DIASTOLIC PRESSURE 

PJEJECTIONS 

90-110 

57 

110-130 

57 

130-150 

15 

150 plus 

3 

Systolic onlj' elevated 

27 

Diastolic onl}' elevated 

3 

Unspecified 

34 


196 
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CArsj: ron Kejkctio.v by JjOcal Board ok Isuvctios Ci-'N'TEii* of BRi SEixcTEKs j.v 

Taber VI 


Hjy^tC'rtension or Iniicrt endive heart diwaFC 121 

Tachycardia 17 

C'hroiiic \'alvnlar heart disease, unspecified !) 

Clironic valvular heart disease, uiilral insiifiiciency S 

Hypertrophy 0 

Cardiac lesion 0 

Heart disease ■! 

Systolic murmur -I 

Rheumatic heart disease 

Organic valvular disease 2 

Hyperth\Toidism 2 

Mitral heart disease 2 


Double mitral lesion; bronchial asthma (cardiac^; cardio- 12 
%-aseular disease; nephritis; heart condition; intraven- 
tricular block; heart shadow; chronic endocarditis: 

In'peractive unstable; psychomotor tension; aortic 
heart murmur; mitral stenosis tone each; 

inc 

Of this t'roup, 23 were Xc-m'o ; the r<‘rnaSnder were wl)lte. 

«D.SS Form 1003. 

CiMCAGo. Taiua: VlIJ 
CON'GE.VITAT, HEAKT Di.O'EA.SE 

(The Board rejected 28 selectees under the diagno.ri.s of congenital heart di-sease) 


Patent ductu.s arteriosu.“ 

n 

Patent interventricular septum 

{> 

Coarctation of aorta 

2 

U'n.specified 

n 


28 


One of the cjiscs of patent Uuclii.s had also a dextrocarrlla. 

Cjiicago. 7’ABr.K JX 

DiAG.vo.sr.s GrvEK ny Ia>cae Bo.tnr/ oa I.VDucriox Cento: ly Oakkh in Tabu: VJJI 


Congenital heart disciise .7 

Congenital heart disease, patent ductus arteriosus d 

Clironic valvular disease 4 

Coarctation of aorta 2 

Chronic valvular iliscase, mitml insufficiency 2 

Heart di.“ease * ] 

Hyjiertroj'hy j 

Mitral systolic and pulmonary heart murmur 1 

Iiheuffjati'' caroiovascular disseise, mitral and aortic 1 

Systolic mitral murmiir 1 

Aortic nnd mitral murmur I 

talvulrir henrl disea w. j 

t'ardiac le-ion j 

Tnchyearilir!. -j 



25 



RE-EXAMINATION OP MEN REJECTED: CHICAGO BOARD 465 

Chicago. Table 'X , 


Tachycardia 

(The Board rejected 24 men because of tachycardia. The diagnosis given in 
these cases by the local board or induction center is shown) 


Tachycardia 

17 

Hj'per trophy 

2 

Nervous twitching 

1 

Chronic valvular disease, mitral insufficiencv 

1 

hlitral systolic murmur 

1 

Heart trouble 

1 

No cause assigned 

1 


24 

There were white men only in this group. 


Chicago. Table XI 


Hypertiiykoidism 


' (The Board rejected eight men because of hyperthyroidism, 
by the local board or the induction center is shown) 

Tlie diagnosis given 

Hyperth 3 Toidism 

4 

Tachj'cardia 

3 

Valvular heart disease 

1 

8 


There was one Negro in this group. 


Chicago. Table XIT 
Arrhythmia 


Five men were rejected hecanse of electrocardiographic abnormalities only. These 
were classified as folloxcs: 


Myocardial damage (electrocardiogram) 2 

Pulsus bigeminus 1 

Sinoauricular block with frequent premature ventricular systoles 1 
Bundle brancli block with pulsu.s alternans 1 


5 


Tha local board or induction center diagnosis in these cases was as folloius: 


Myocardial damage 

Cardiac disease; nodal rhythm; bundle branch block 
(one each) 


5 


There were five additional cases in which serious arrhythmias were found. These 
cases are listed here but should not be included, in the totals as they have been 
included in the rejections elsewhere 


LOCAL BOARD OK INDUCTION 
CENTER 

1. First degree A-V block 

2. First degi'ee A-V block 

3. Valvular heart disease 

4. Intraventricular block 
. 5. Bundle branch block 


REJECTED BY SPECIAL BO.ARD FOR 

1. A-V block. Eheuhiatic heart disease with mitral 

insufficiency 

2. Eheumatic heart disease with mitral insufficiency 
3., Rheumatic mitral disease with bundle branch block 
4. Hj’pertensive heart disease 

0 . Bundle branch block with rheumatic mitral disease 
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Chicago. Table XIII 
TJKCLA.SSIFIEI) 

(Tliere wero 2S insfances in which the examiner made no .specific diai^no.«i.s. , These 
were cases in wliich the presence of disqualifying iieart disease was obvious but in 
wliicli the record does not permit accurate elas-sification. The diagnosis given by 
the local board or induction station is shown) 


CJironie valvular disease 14 

Hypertrophy 3 

Organic heart di.sease ' 3 

Heart disease 2 

Dilatation of Jieart; syphilis; cardiac damage; congenital (! 

heart rbseasc; aortic heart disease; .systolic murmur 
(one each) 


28 

One Xcjjro is included in this group. 

Chicago. Table XIV 

HypEicTnoPiry 

(Nine men were rejected for hypertroidiy only. Bnlargemcnt was calculated 
on the basis of the Eyster-Hodges formula as directed. Diagnosis is shown) 


Hypertroph}' 3 

Bheumatic heart disease 2 

Aortic systolic murmur; heart finding; valvular heart dis- 4 

ease witli mitral insufficiency; no cause (one each) 


9 


Chicago. Table XV 
SypHiLis 

(In five instances the Board made a diagnosis of syphilitic heart disease. TJie 
diagnosis of tlie local board or induction station is shown) 


Hypertension 2 

Aortitis 1 

Cljronic valvular disease 1 

Angina pectoris 1 


i> 

Tlu-rc wi!re no Negroes in thl.s group. 


Chicago. Table XVJ 
NKEKOCIKCHLATOrty A-KTHI;.\TA 

. inst.ances the Board made a diagnosis of neurocirciilafory asthenia, 

rijc ridniilting diagnosis in these cases is .Kliown) 


'J'acliycnrdla ^ 

Valvular heart disease 2 

Iiyj.f:-rfcnsion and tachveardia 1 

nypcrtro[;hy ' I 

Aortic insiifiiciencv j 

JTenrt murmur ' I 

Cardi.'ic disc'iFe i 


IJ 
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SUanMARY 

Niiniber of men examined and credited to study 1,000 
Transferred from 4P to lA 38 

Eejected, wliite 892 (Only white se- 
Ne^'o 66 lectees trans- 

Filipino 4 ferred from 

--- 4FtolA) 

962 962 


1,000 

Rheumatic disease 648 


white 

605 


Negro 

39 


Filipino 

4 


Hyiiertension 


196 

white 

173 


Negro 

23 


Congenital 
white onlj* 


28 

Tachycardia 
white only 


24 

Unclassified 


28 

white 

27 


Negro 

1 


Arrh^ydlunias 
white only 


5 

Hyperthyroid 


8 

white 

7 


Negro 

1 


HjTiertrophy 


9 

white 

7 


Negro 

2 


Syphilis 

white only 


5 

Neurocirculatory 
white only 

asthenia 

11 


962 


ADDENDUM 

As of Jan. 1, 1944, tlie status of the tliirty-eight men transferred from 4F to 
lA was as follows: 

Accepted by Army 
Accepted by Navy 
lA classification 
2A classification 
2B classification 
4H classification 
Eejected because of 
Eejected because of 

Total " 38 


17 

2 

2 

2 

n 

O 

2 

heart defect 3 

defect other than heart 7 



REPORT OF THE NEW YORK BOARD 
Robert L. Levy, iVI.D., Chaiksiax 

PEAX OF STUDY 

T HPj registrants were chosen by the office of the 2ileclical 3)i\-ision of 
Selective Service Headquarters in New York City. Names were 
selected from the files of each of the 123 local boards scattered through 
the boroughs of Jlanhattan and the Bronx, iilen from other boi’oughs 
were not included, because of the longer time required for tran.sporta- 
tion and because it was believed that the material represented a fair 
.sample. An attempt was made to select cases in which the sole cause 
for rejection was cardiovascular disease; only in a few instances were 
other defects present. In all, 1,014 men were examined. Several cases 
were di.scarded because the cau.se for rejection was not i)rimarily eardio- 
vaseulai'; one man, for example, had pulmonary tuberculosis and had 
been treated surgically by thoracoplasty. In a few other instances, a.sso- 
ciated conditions complicated the .satuation. The 1,000 ea.ses finally 
chosen for study met the nece.ssary re<juiren7ent.s in a .satisfaetojy 
manner. 

Each local board notified the rejectee to report to the Yanderbilt 
Clinic of the Pre.sl)yterian Ho.spital at a .specified time. The records 
of the local hoard and tho.sc of the Induct ioji Station, when the 
registrant had been examined there, were .sent to the Chairman of the 
Examining Board in advance. Electrocaidiograms and x-iuys, when 
available, accompanied these recoi-ds. 

.Se.s.sion.s wen; held on Tue.sday and Thiir.sday cvemings, beginning at 
6:30. and on Saturday aftcrnoon.s, beginning at 1:30. There were 
iourteen such scssion.s, fi'om Februaiy 9 to iilarch 11, 1943. Fxum 
50 to 110 men were examined at various .se,ssion.s; during the final poi'iod 
only 14 men were examined to .serve as rcjxlacenicnts for di.scarded 
ea.ses. 

A s])ecia} j>rinted record form, provided by .Selective .Sei’vice Head- 
quarters in Wa.shingtoti. was employed. The fii-st ]xoi1ion was filled out 
by the clerk at the local hoard and gave the os.sentia! facts concerning 
the I'egi.strant, together witii the place and cause of I’ejection. Below 
this, the examining phy.sician filled out the history and j'c.sull.s of the 
examination. In making the final analysis of the data, a .special coded 
stati.stical f(inn was employed from which the tables given in this report 
wetx" eo!n})iIed. In the etMu-se of the work it wa.s not found neee.s.sary 
to make <*xam]nati(j!i.s of the Idood or urint:. ajid lln* e.xerclse le.st %va.s not 
considered of sufricient value to be usetl. The cla.ssification emphjyed 
tor final diagnosis ’.vas one which had been agreed upon for use in all 
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of the five cities making these examinations and was based upon the 
nomenclature recommended by the American Heart Association, though 
somewhat simplified. To each examiner was given a t%T;)ewritten list 
of directions for filling out the charts, together with the nomenclature. 

It was arranged with Selective Service, that the registrants regarded 
as not having cardiovascular disease, and therefore reclassified from 
4P to lA, were to be resubmitted to the Induction Station in New York 
City. A recommendation was made by Brig. C4en. C. C. Hillman, of 
the Surgeon General’s Office, to Col. C. M. AValson, Chief of the Medical 
Branch, Second Service Command, that the men resubmitted be ac- 
cepted for active military duty. Colonel Walson has agreed to send to 
the Chairman of the Special Medical AdWsory Board the Army serial 
number of each man accepted, in order that later he may be traced and 
his health record and performance in the service may be scrutinized. 
This group of cases, if so followed, should furnish a valuable check on 
the validity of the revisions in diagnosis. 

PARTIGIP.\NTS IN THE STUDY AND ACKNOWLEDGMENTS 

Thirteen physicians, four secretaries, six teclmicians and two aides 
constituted the personnel. All were generous with their time and 
services. The membership .was as follows : 

Senior Examiners. — ^Dus. Arthur C. DeGraff, Clarence E. de la 
Chapelle, B. S. Oppenlieimer, Harold B. B. Pardee, Howard P. 
Shattuck, and Robert L. Levy (Chairman). 

Assistant Examiners. — Di*s. John M. Baldwin, Jr., Adolpii R. Berger, 
Bdmna Campbell, Jolm L. Caughey, Jr., William M. Hitzig, Donald 
D. Parker, and Grant Sanger. 

The senior and assistant examiners con.stituled Special Medical Ad- 
visoiy Board No. 30. 

Secretaries. — ^J\Irs. Edward Armatys, Mrs. John M. Baldwin, Jr., Miss 
Doroth}’’ R. Bramwell, and Miss Margaret Lawlor. 

Technicians . — Miss Helene V. Armstrong, I\Iiss Addie Bauer, J\Iiss 
Elizabeth Howard, Miss Mary Pembleton, Miss Doroth.y Rose, and 
Mr. Maurice Tate. 

Aides. — ^Mrs. Harry Aranow, Jr., and Miss Baihara Levy. 

The facilities of the X-ray Department of the Presbyterian Hospital 
were made available through the kindness of Dr. Ross Golden, the 
Director. Dr. Lois C. Collins interpreted and measured all of the chest 
films. The electrocardiograms were taken Avith two mobile Cambridge 
machines and were read by Dr. Robert L. LevjL 

= Miss Dorothy Kurtz, Supervisor of the Record Department of the 
Presbyterian Hospital, rendei'ed im^aliiable help in making the statis- 
tical analyses, ; 
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IMi*. John F. Bush, Executive Yice-President of the Presb\lenan Hos- 
pital, placed at our disposal one wing on the second floor of the Vander- 
bilt GJinic; and the Director of t])e Clinic, Dr. Frederick ifacCurdy, 
saw to it that even* facilitj' %vaK at hand. 

The project had the support of Col. .j^rfhur V, ^IcDermott, Director 
of Selective Service for New York Gitv', Through tlie .splendid coopera- 
tion of Col. Samuel J. Kopetzkv*. Chief of the jiledical Division, the 
registrants -were chosen, the notices were .sent out to the local boards, and 
all neee.ssaiy j-ecords were handled. Without his constant help the 
work could not have heen carried through to a .successful conclusion. .-\ 
copy of his letter of instruction to the chairman of each local board is 
appended. 

i^KOCEnUKE 

Each registrant was .seen by at least two of the members of the board, 
one of w'bom was a .senior examinei*. Jjaeh case regarded as a candidate 
for re.submission bad a four-lead electrocardiogram and a 2 meter 
.x-ray film of the chest at the conclusion of the physical examination, .so 
tliat a return visit was not nece.ssary. Interesting wises or those in 
whicli the diagnosis was in doubt xvere .seen, as a rule, by most of the 
examiners pre.sent. Unusual or liorderline electrocardiograms were dis- 
CTi.ssed by at least three of the senior e.xamineTs. Final decision on the 
cases having electrocardiographic and x-ray examinations was made 
in every instance by the Chairman of the Boai'd, who had before him 
the clinical record and the laboratorj' findings. In making the final 
diagnosis, all of these were taken into account. 

The height and weight were recorded only in those who liad .x-rays of 
the chest. This was done in order that the predicted tran.svor.se diameter 
of the heart could he calculated accordingto the IIodge.s-Ey.ster formula. 

If the heart rate and blood pressure were normal, a .‘•'econd reading 
was not taken. If they exceeded the upper limits, both rate and blood 
pressure were taken again after thiriy minutes' ix-st. Each regisfrant 
%v;ls examined in a small room, of which some U^'cnty were available. 
He was allowed to lie quietly by iiimself. so that the second reading 
represented basal conditions as nearly as thwsc could he obtained under 
the eircumsiancc-s. 


COSIME.S'TS OX THE CRITKRM EMITAOVEn 


The criteria ol)seiwed were, in general, those outlined in “Standards 
of i-’iysical Examination Dui'ing 3Iohilization,” issued by the War De- 
partment f>n Oct. ].7. 39-j2. and referred to as 3IH 1-9. The followine 
notes pn-sent iho inierpretafion fJ.'mcd upon some of 1hc.se in.rinietioiis 
by tlie New 3Virk Board: 


1. lihiumfilu. FfVfr or CJiort.'i .—If 
attari: oi rhetimatif fever or ehorca 
c.xam3rmtion, he wa.-- not considered 


the rejectee liad an aiitlKnlif-atcd 
within five yeais of t.he date of 
suitable for :u;iive .service. By 
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“authenticated” is meant an illness of this sort substantiated by a 
letter from a hospital or a private physician; in certain eases, an ade- 
quate description of the illness by the registrant was considered suf- 
ficient. Eejeetion was made regardless of whether abnormal physical 
signs were found in the heart. 

A registrant was rejected if there was a history of rheumatic fever 
or chorea, and if doubtful signs of disease were found in the heart. A 
persistent apical systolic murmur, even though not loud and not well 
transmitted, was regarded as abnormal under such conditions. 

E-egistrants with a historj^ of rheumatic fever or chorea which had 
occurred more than five years previously, with no abnormal physical 
signs, and with a normal electrocardiogram and teleroentgenogram, were 
resubmitted. A history of more than one attack did not influence this 
decision. 

2. Hypertension . — A persistent systolic blood pressure of over 150, 
or a persistent diastolic of over 90, was considered a cause for rejec- 
tion. If the systolic pressure was elevated to a level not over 170, the 
diastolic was normal and if, in the opinion of the examiner, such systolic 
hypertension was due to nervousness, an exception was made provided 
no other abnormal findings were present. Tlie association of a normal 
heart rate with an elevation of systolic blood pressure was considered 
to be an unfavorable sign. A diastolic pressure above 90, even though 
the registrant was nervous, was cause for rejection. 

A good many of those with hypertension had been sent for observa- 
tion to the hospital at Fort Jay, on Gdvenior’s Island, where readings 
had been taken on several successive days. These records furnished 
helpful confirmatory evidence. 

3. Tachycardia . — A heart rate of over 100 was considei’ed abnormal. 
It was rare that persistent tachycardia was thought to be of nervous 
origin. When systolic hypertension also was present, the diagnosis not 
infrequently was neurocirculatoiy asthenia. 

4. Systolic Murmurs at the Apex . — If the murmur persisted in both 
recumbent and erect positions, was of moderate intensity or loud, was 
transmitted to the axilla, and was not abolished or significantly 
diminished by forced breathing, it was considered to be evidence of 
organic mitral disease, regardless of other findings. Obviously, the 
presence of cardiac enlargement, an accentuated pulmonic second sound, 
or an abnormal electrocardiogram afforded added evidence of a cardiac 
disorder. In a few cases, moderate or loud systolic murmurs were heard 
which were clearly extracardiac, and in a few others a late systolic click 
was audible. Provided there were no other .signs, the case was resub- 
mitted. The to-and-fro scratcly- sound sometimes heard along the left 
sternal border was considered to be cardiorespiratory in origin and was 
likewise disregarded. 
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5. SijsioHc Mitniuirs at the Aortic Area . — If not associated with any 
other abnormal finding, provided the.v were localized and not harsh, such 
murmurs were not regarded as- a cause for rejection. Tlie absence of 
a thrill did not influence the decision; the pi*esenee of a thrill strength- 
ened the opinion that the murmur was significant. Diminution of the 
intensity of the aortic second sound em])hasized the importance of such 
murmurs. 

6. Diastolic Mnrrnur.s . — All were regarded as pathologic, i-egardless of 
location. 

7. Arrhythmias . — The oceurrenee of exlrasystoles was the only form 
of arrhythmia in Avhich the decision occasionally was doubtful. If these 
occurred persistently coupled with nonnal beats and could not be 
diminished or abolished by exercise, the candidate was rejected. Such 
an example occurred but once. Occasional extrasystoles, either ven- 
tricular or auricular, were not i-egarded as a cause for rejection. In 
every instance the ventricular extrasy.stoles arose from a single focus, 
when recorded in the elect i-oeai-diogram. t.'ases with an authenticated 
histoiy of paro.xysmal tachycardia or paro.xysmal aun'cular fibrillation 
were rejected. In seveial ca.ses electrocardiograms taken during at- 
tacks were furnished by responsible observers or hospitals, so that the 
patient’s .statement could be confirmed. Permanent auricular fibrilla- 
tion was seen only in a.ssoeiatioji with organic cardiac disesrse. It was, of 
coui-se, a cause for i-ejeetion. 

S. Coronary Occlusion . — If there was a hi.str)ry of coronarx- occlusion 
with cardiac infarction, even though all sign.s, including tlie eloclro- 
cardiograin, were noi-mal, the J'egistrant was j'ejeclorl, pi-ovided he could 
])roduce electrocardiograms and clinical notes made at tlie tinu? of his 
illness by a physician or in a ho.spfial. t)ne ca.se of this sort xvas seen. 

9. Ehcirncardioyram . — Any significant deviation from the normal, 
regardle.ss of whelhei- all other findings weie negative, xvas considmerl 
a cause for rejection. Significant findings were bundle branch block 
with QHS of more than 0,10 .second; .significant T wave negativity; low 
T wavc.s in the limb leads tlc.ss than 1 mm.) ; significant PS-T deviation 
(more than 1 mm. above or behnv the i.soelectric line in the limb leads 
and more than 2 mm. in Jjcad IVF); large Q waves in Leads I and IVF 
(more than 3 jnm.) ; and inconijdete heart block. A P-P intcT-val over 
tt.20 second was considered abnormal. The occurrence of dcej» 8 v.ax-es 
ni Leads I and JL axi.s deviation or notching of QP.S, unaccotnpanied 
by widening of the QP.S int<;n'al, was not i-cgardcd as a cause for rejec- 
tion. In ptiiiit of fact, these changes were found only in association xvith 
organic heart disease. 


10. X-ray (2 rnetm- film of heart), — If the tnuisvensc diameter of the 
heai't <‘.xcceded the predirded transverse diameter, ealculat<!d according 
to the IIodgts-Lyster formula, by more than 1 cni., the candidate was 
rejected even if .->11 other findings were negatixe. Ina.smucli ns the 
Hodge.s-!.vy.o,er lomrula take.s into account height and xxeight. and 
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Iieiiee ^a^iatio^s in l)ody build, as weir as. age, there was no exception 
made to this rule. Enlargement as an isolated finding was relatively 
uncommon ; not infrecxuently it ^Yas found associated vitli some electro- 
cardiographic abnormality, vdtli an abnormal contour of the heart or 
A\ith other physical signs indicative of disease. 

Fluoroscopy was not employed. 

11. NenrocircuJafory Asthenia . — Except in advanced ea.ses, the diag- 
nosis of this condition Avas difficult on the basis of a single examination. 
The history Avas considered imjjortant. Tachycardia and moderate 
liypertension Avere usually, though not invariably, present. Cold, moist 
palms often furnished a helpful diagnostic sign. Psychiatric examina- 
tion Avas not attempted. 

12. Extracardiac Ga\ises for Rejection. — Extreme funnel breast, AATlh 
displacement of the heart to the left, deforming laqilioseoliosis, and 
seA'ere rachitic deformities of the chest Avere causes for rejection. These 
often resulted in displacement of the heart and imiiaired its fimetional 
capacity. There Avas one instance of toxic nodular goiter Avith tachy- 
cardia, and one of aneurysm of the external carotid artery, traumatic 
in origin. 

RESULTS 

A detailed statistical analysis is given in. the accompanying tables. 

1. Distribution and Recommendation by Age and Race (Table I). — 
Of the 1,000 men examined, 805 AA-ere betAveen the ages of 22 and 33 
years. Only four Avere more than 37 years of age. One hundred and 
ninety-tAvo (19.2 per cent) AA-ere considered not to have cardiovascular 
disease and Avere resubmitted. Of those resubmitted, the greatest 
number (78.2 per cent) AA-ere betAA'cen 22 and 29 yeai-s of age. Of those 
rejected only 62.7 per cent AA-ere betAA-een these ages. The difference, 
though not great, is Avorthy of note. 


New York. T.\ble I 

Distribution and Recommendation by Age and Race 


AGE AND RACE 

TOTAL CASES 

1 KESUBMITIED j 

1 NOT RESUBJIITTED 

GROUPS 

EX:\ MINED 

NUMBER 

PERCENTAGE 

NUMBER 

1 PERCENTAGE 

TOTAU CASES 

1000 

192 

100.0 

808 


18-21 

77 

13 

6.8 

64 

7.9 

22-25 

358 

90 

46.9 

268 

33.2 

26-29 

298 

(50 

31.3 ! 

238 

29.5 

30-33 

169 

15 

7.8 

154 

19.1 

, 34-37 1 

94 

13 

6.7 

81 


38-41 ! 

3 

1 

0.5 

2 


42 and over 

1 



1 


AVMte i 

905 

ISO 

93.7 

725 

89.7 

, Negro 

90 

12 

6.3 

78 

9.7 

Chinese ' 

5 



5 



RESUBMITTED NOT RESUBMITTED 


(%) 

1 Q o on c 


Of total cases 

19.2 

80.8 

Of total white 

19.9 

80.1 

Of. total Negro 

13.3 . 

86.7 

Of total Chinese 


100.0 
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Tiie majority, namely 905 oi! the total numbcj*, were white; 90 were 
Negroes; and five were Chinese. Of the wliite men, 39.9 ])er cent were 
resubmitted, and of the Negroes, 13.3 })er cent. All of the Chinese were 
rejected. 

2. Place and Cause of Onfjinal lUfcdion- (Table II). — Of the 1,000 
ca.s'cs, 494 had been i-ejeeted by the local draft boards and 506 by induc- 
tion .stations. As was anticipated, of those e.\'ainined by the local di’aft 
board.s a greater number (23.5 per cent) were resubmitted than was 
the ease in those examined by the induction stations (15,1 j)er cent). At 
the induction .stations there wa.s a bettei- opportunity for moi'o careful 
examination, and in many cases, wdien the diagnosis wjls in doubt, the 
men liad been sent to tlie hos])ital at fort Ja^■ for .sevTu-al days’ observa- 
tion. 

New YofiK. Taui.e JT 
Pi..\rE .ixi) Cause or Uwectios' 


J-EACES AKO m.MIXOSES 

TOTAt, : 

CASE.S 

EX- 

AMINED 

UESmiMITTED 

SOT BE.snBSfrrrr.n 

NUMBEtt 

I’ER- 

CEXTAOE 

XILMBER 

I’KK- 

r-E.VTACE 

TOTAL CASES 

1000 

mmm 

100.0 

808 

300.0 

draft board 

494 

110 

00,4 

578 i 

40,8 

Induction station 

rm 

70 


480 i 

,58.2 

liEJECTIOX DfAG.VOSES 

i 

j 

1 




Heart disease, unspecified 

87 j 

20 

10,4 

07 

8,3 

Valvular heart di.^en.se, rheunia<i<; 

OSd i 

100 

50.8 

.520 

0.5.3 

Congenital lieart disease 

18 

I 

0.5 

17 

2.1 

C'oronarv heart di.«ease 

1 


I 

1 

0,3 

IlyjKirten.Mon 

102 

4;; 

1 22.4 

140 

38.4 

Tachvcnrdia 

tUi 

27 

1 34,1 

I 0,0 

8.5 

Neurocircuhitorv asthenia 


3 

0..5 

8 

1.0 

Cardiac lij-pertrojiln- 


12 

! 0..1 

48 


Cardiac nrrhvtiiinia 


1 

1 0.5 

7 

0.0 

.Vueurv-sm of aorta 

1 


1 

J 

0,3 

.Aneurysm other than aortic 

J 



1 

0,1 

Potential lieart di?‘*a.‘e, rhenmatie 

J 



3 

0,1 

Piie-t deformity 

2 

1 

1 


2 

0,2 


By iar tlic cojjimonest cause for j-cjection v/as ilieumatic valvular 
bi-art disca.se, ne.xt in inijxirtance bei?ig hyjjcrfension. There followed, 
in tlic- ordm- of frcejncncy, tachycardia, hcail disea.se of unspecified 
etiology, cardiac liyjicrtrojdjy, and congenital heart di.sca.so. The per- 
‘•entaecs anioiie tiiosc resubmitted and tho.se not r(?.submitled followed 
ih'- same <!rdt-r. 


.1. Ihstnri/ ttnd Clhtiml P.mmination (Table III), — <)f the total num- 
ber o! I.oofi exjiniincd. 679 had no .srmplom.s, and 32J gave a 

stoi;. o! ejihci- dy.'.jiiic.'! on exciiion, paroxysmal dy.spnca. jmJmoiiar.v 
odema. ear.liae pain, c.r edema ni lltc ankles. Of those not re.suhmilled, 
211 j*crc<mi; Mated timf fhe.v had cither a heart murmur, “heart 

ilLse.rss-, oj hitdi blood f>n',«is!irc; of those re.Miljmilted, 59 (30.7 per 
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New York. Table III , 
History and Clinical Examination 


DETAmS OF HISTORY AND 
• EXAMINATION 

TOT^VL 

CASES 

EX- 

AMINED 

1 ■ ■ ■ 1 

KESUBinTTED 

NOT RESUBMITTED 

NUiJBER 

PER- 

CENTAGE 

NUMBER 

per- 

centage 

TOTAL ■ CASES 

1000 

192 

100.0 

808 

■iS&Qi 

Symptoms not present 

679 

188 

97.9 

491 


Symptoms present 

321 

4 ■ 

2.1 1 

317 

39.2 

HISTORY 



i 



Elieumatie fever over 5 years ago 

284 

36 

18.8 ' 

248 

30.7 

witliin 5. years 

46 

1 

0.5 

45 

5.6 

Chorea oyer a years ago 

41 

3 

1.6 I 

38 

i 4.7 

within 5 - years 

0 

0 

0 

0 

0 

Paroxysmal tachycardia 

14 

1 

0.5 

13 

1.6 

Paroxysmal auricular fibrillation 

1 



1 

0.1 

Murmur 

105 

33 

17.2 

72 

8.9 

Heart disease 

115 

16 

8.3 

99 

12.3 

Hj-pertension 

50 

10 

5.2 

40 

5.0 

Other 

5 



5 

0.6 

CLINICAL EX^VMINATION 






Hi-pertension, transient 

57 

47 

24.5 

10 

1.2 

persistent, of nervous origin 

8 I 

8 

4.2 



Tachycardia, transient 

48 i 

34 

17.7 

14 

1.7 

persistent, of nervous origin 

h 1 

6 

3.1 



.itpical systolic murmur, unex- 


99 

51.6 



plained 






Aortic systolic murmur, unex- 


5 

2.6 



plained 






Extracardiac murmur or click 


3 

1.6 



Cyanosis 

6 



6 

0.7 

Clubbing of fingers 

4 

! 


4 

0.5 


cent) had this history. Symptoms were absent in 97.9 per cent of those 
resubmitted and in 60.8 per cent of those not resulmiitted. 

In the group of 545 cases with a final diagnosis of rheumatic valvular 
disease, 294 (53.9 per cent) gave a history of rheumatic fever or chorea. 
Rheumatic fever alone had occurred in 257 (47.1 per cent) ; chorea alone 
in 24 (4.4 per cent). The relative infrequency of antecedent chorea 
is striking. A histoiy of both rheumatic fever and chorea was obtained 
in only 13 cases (2.4 per cent). 

Of the total number examined, 284 stated that they had rheumatic 
fever more than five years ago, and 46 said that they had it within five 
years. In 41, there was a history of chorea more than five years ago; 
in no instance was there a history of chorea within five yeai*s. Of those 
resubmitted, 18.8 per cent said that they had rheumatic fever over five 
years ago, as compared to 30.7 per cent in those not resubmitted; of 
those resubmitted, 1.6 per cent had chorea more than five years ago, 
as contrasted with 4.7 per cent in those who were not resubmitted. 

A history of paroxysmal tachycardia was obtained in fourteen of the 
total number and. of paroxysmal auricular fibrillation in one. One man 
with a history of paroxysmal tachycardia was resubmitted because no 
substantiation of his story could be obtained and his account of the 
. alleged attacks was not characteristic. 
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Transient hypertension ’.vas observed in 57 eases. Foily-.seven of 
these, together ■with eight in Avhich hyperten.sion, though pei-sistent, 
TV.as regarded as of neiToiis origin, were resnijmilled. In tlie ten shov>-- 
ing transient hypertension who %vere rejected, some other disqualifying 
condition was prc.sent. Transient tachyeai'dia was observed in 4S cases 
and persistent tachyeai'dia, believed to be of nervous on'gin, in si.x. 
Foui’teen of those with transient tachycardia were rejected for some 
other cardiovascular condition. 

An apical s.v.stolic murmur of une.Kplained cause was present in 09 
eases, an aortic systolic murmur of unexjilained eau.se was observed 
in five cases, and in three an extracardiac murmur or click was heard ; 
all were resubmitted. 2Iurmurs at the apex or aortic area which, in the 
opinion of the examinees, were not due to organic cardiac disease were 
de-signated as “unexplained* ' rather than as functional, physiologic, 
accidental, or hemic, because the mechauism by which they are produced, 
as well as their .significance, is unknown. 

Among the ca.scs of congenital heart disease, c.vanosis was ohseived 
six times and clubbing of the fingers four times. 
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Nkw York. Table V 

Analysis of Abnormal Electrocardiograms 



[ PHYSICAL 

SIGNS OF 

TYPES OP ABNORMALITY 

CARDIOVASCULAR, DISEASE 


NONE . 1 

DOUBTFUL 

TOTAL CASES 

5 

26 

Bundle brancli block (QE>S over 0.10 sec.) 

.3 

3 

Significant T wave -negativity 

1 

4 

T waves low (less than. 1 nini. in limb leads) 


i 

Significant ES-T deviation 


2 

Q waves large (Leads I and IVF) 

1 

2 

Blocked auricular premature beats 


1 

Heart block — incomplete (long P-E) 


3 

Axis deviation, left 


6 

Axis deidation, right 


2 

Broad, notched P waves 


i 

JIarked notching of QES 


1 


ECG only sign of disease 5 


Final diagnoses in cases in which ECG was abnormal 

A^alvular heart disease, rheumatic 19 

Myocarditis, rheumatic (inactive) 1 

Enlargement of heart, etiologj' undetermined 4 

Congenital heart disease 2 


5. Analysis of Abnormal Electrocardiograms (Table V). — In five of 
the 31 cases the abnormality of the electrocardiogram was the only 
sign of cardiac disease and was considered of sufficient importance to 
justify rejection. In three of these, incomplete bundle branch block 
was observed, with QRS over 0.10 second. In one case with no history 
of cardiac disease and with a systolic murmur at the apex regarded as 
cardiorespiratory in origin, the electrocardiogram showed a sharply in- 
verted T wave in Lead IVF. The x-ray revealed no cardiac enlarge- 
ment. This case was rejected and the final diagnosis was given as 
‘‘cardiac disease, type unspecified.’’ In another case with neither 
histoi’)* nor signs of cardiac disease, and with no enlargement in the 
teleroentgenogram, the electrocardiogram showed large Q waves in 
Leads I and IVF, together witli left axis delation. The Q wave in the 
precordial lead measured almost 5 mm. This man was not resubmitted. 
The occurrence of deep S ivaves, without other changes, was considered 
to be vnthin the normal range. 

In the remaining 26 cases, the physical signs were doubtful. In 19 
the final diagnosis, after correlating the clinical features and the electro- 
cardiogram, was rheumatic valvular heart disease ; in one it was inactive 
rheumatic myocarditis; in four, on the basis of the x-raj", it was enlarge- 
ment of the heart of undetermined etiology ; and in two the abnormal 
electrocardiogram was regarded as confirmatory evidence of congenital 
heart disease, which had been suspected. 

6. Final Diagnoses (Table VI). — ^No cardiovascular disease was found 
in 192 cases (19.2 per cent) and this was the group which was resub- 
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ICew York. Tabia: VI 
Finae Djaoxose.s 


DIAGXO.Sr.S 1 

SO. or cA.sns 

I'laa-EN'TAGE Or 
CASES NOT 
KESirauiTTEn 

TOTAL CASES 

Ko cardiov.ifcuhir di.sea.^e — cjises re.-'ubmittcil 

OASES NOT RE.SL'BJIITTEB 

1000 

192 

1 SO.^ 

100.0 

Hyperten.sion 

I 159 

19.7 

Tachycardia 

4S ; 

.5.9 

liheuniatic valvuiar disease — total 

54;5 

07.4 

mitral rejrurjritation 

190 

2.'1.5 

mitral .=teno.-is 

157 

19.4 

aortic regurgitation 

ij5 

4,ri 

aortic steno.si.“ 

3 

0.4 

combined mitral and aortic 

100 

19.8 

Syphilitic aortiti.e and aortic regurgitation 

4 

0,5 

Sn.'ipected sjqdiilitic aortic disca.'ie 

i 

0.4 

Congenital heart disca,-e — total 

30 

;i.7 

patent dnctn.« arterio.su.s 

7 

0.9 

defect of I-V .septum 

12 

1..5 

patent ductu.s and defect of I-V Eentnrn 

4 

0..5 

.‘•'ubaortic stenosis 

1 

0.3 

tetralogv of Fallot 

1 

0.1 

de.vtTOcardia 

1 

0.3 

coarctation of aorta 

1 1 

0,3 

tj-pe not .specified 

3 1 

0.4 

Cardiac enlargement — total 

474 


duo to di.sease specified 

454 


etiology undetermined 

20 


Myocarditis, rlieumatic (inactive) 

5 

! 0,0 

External carotid aneurv.dn 

1 

0,1 

Coronary sclerosis 

o 

0.2 

Myocardial infarct, hestled 

1 1 

0.1 

NeurocirculatoiA- asthenia 

51 

3.S 

Heart di.sease due to chc.st defonrJtv 

5 

0.0 

lIjq)ertlnToidi.=ra 

1 

0.1 

Tiirombophlebiti.s (inactive) 

Auricular fibrillation, permanent 

1 

0.1 

11 

1.4 

Aiiriculur fibrillution, jUiroxv.-'Hinl 


0.2 

Paroxysmal laehveardia 

5 

0.0 

hxtrasy.*.to!e.s (coupled rJn-fhni) 

I 

0.1 

Bundle branch block 


0.0 

Diagiiosb un.‘-pfidfied 

I 

U.l 

i.ejectioa and timal diiigno.-is agree | 

o.tn 

7U.I 

Evji-i-jjijn and jmxti rii!jgiio>.i,s di.'-acree — totsil j 



eci.sc'.s lesubmitied ! 

192 


cfi.'-es not re.=-'ubtnitled • 

8b 

10.9 

omgnosi.o incomjdete, cornjiarison itnpo,*- j 

SI 

30.0 


(jj the* iOS o.Tse.s iiol re.suf>jnilfcd, by i'ar the eornuione.st diair- 
-M., A.^is lahiija?’ lioart df.sea.se of j'iieumalic etiology, 'riii.s Rioup eoin- 
P- !>• d ,it,> ea.se.s-. or 67.4 pej* cent. Xext in tlie order of freqm'uey wa.s 
'4p 'rterisiort, ]5fj <.a.s-e.s (]f),7 ptj* eeiit). 7'heri, in sequence, came 
laeuyeardia, nearoeireulatory Jisthenia, conm-riitai heart di.sea.s'e, and 
eardiae cnlanjeiiH-ut (if undetemiinod etiolo'jry. (Jardiae enhirjremenl 
due to the .s’lceiflcd in flic diagnosis ;va.s j»rcsent in 434 ea-se-.s, 

or ab.-i per cent of the tota! number. 














RE-EXAMINATION OF MEN REJECTED:. NEW YORK BOARD 479 

111 tlie rliemnatic group, mitral regui-gitatioii alone was found 190 
times and combined mitral and aortic disease 160 times; Mitral stenosis 
was present in 157 eases and aortic regurgitation in 35. Syphilitic 
aortitis with aortic regurgitation was observed onh' four times; in three 
cases syphilitic aortic disease was suspected. All of the seven cases of 
aortic syphilis, proved or suspected, were found in Negroes. 

Of the thirty cases of congenital heart disease, twelve were considered 
to be due to a defect of the interventricular septum, and seven to patent 
ductus arteriosus. In four, these two defects were combined; There 
was one instance each of subaortic stenosis, tetralogy of Fallot, dextro- 
cardia, and coarctation of the aorta. In three cases the type of con- 
genital defect could not be determined with accuracy and was not 
specified. 

It is perhaps of interest to note that the following conditions were 
encountered: aneurysm of the external carotid artery, once; coronary 
sclerosis, twice; healed infarct of the myocardium, once; heart disease 
due to chest deformity, fii'e times. Permanent auricular fibrillation was 
observed in eleven cases; aU liad rheumatic valvular disease. 

In 639 eases (79.1 per cent), the original rejection diagnosis and the 
final diagnosis were in agreement; in 10.9 per cent they were in dis- 
agreement; and in 10 per cent comparison was impossible because of the 
incompleteness of the original record furnished by the local board. 
Some of the original rejection diagnoses and the final diagnoses re- 
placing them are here given: 

Original 

Valvular heart disease, 

rheumatic 

Congenital heart disease 
Hj’-pertension 


Tachycardia 


Neurocirculatory asthenia 
Cardiac hypertrophy 

1. Basis of Rejection in Gases Not Rcsuhjnitted (Table VII). — Of the 
808 cases not resubmitted, 733 were rejected on the basis of the clinical 
examination alone, and 75 with the aid of the x-ray or electrocardiogram. 


Final 

No cardiovascular disease 
Hypertension 
Congenital heart disease 
Neurocirculatory asthenia 

Rheumatic valvular disease 

No cardiovascular disease 
Neurocirculatoiy asthenia 
Rheumatic valvular disease 
Cardiac enlargement — etiology 
unspecified 

No cardiovascular disease 
Rheumatic valvular disease 
Hypertension 
Neurocirculatory asthenia 

Tachycai’dia 
Cardiac enlargement 
No cardiovascular disease 
Rheumatic valvular disease 
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Xfav York. Tabi.f, VII 
Basis of Eejeotiok in: Cases Not Kr.sEuMirrED 



XtJJIBER OF 
CASES 

CEitCEKTAGE OF 
TOTAL CASES 

TOTAI. cases ItEJECTEn 

808 


Rejecteil on clinical examination alone 

7 . 1:1 


Kejected ■v\-itli aid of x-ray or electrocardiogram 

75 


X-rav decisive 

•19 


Electrocardiogram dec-isivc 

14 


X-r.ay and electrocardiogram hotli decisive j 

12 



or llie 75, 49 were re.iected because of cardiac enlargement found on 
x-ray examination; 14 because the electrocardiogram was either the 
only abnormality or confirmed doubtful clinical signs; and 12 because 
both the x-ray and the electrocardiogram were abnormal. 


.SUM.MARY AKD CONCLUSIONS 


1. In New York City, 1,000 registrants for the Draft, who had been 
rejected for military service because of cardiovascular defects, were re- 
examined by a Special jMedieal Advisory Board. These men had been 
i'c.jected by local board.s or induction sUitions. Of the total number, 
192 (19.2 per cent) were considered not to have cardiova-scular disease. 
By ari'angomcnt with Selective Service and the Army, it was agreed that 
these men should bo resubmitted to an induction station, and it was 
recommended that they bo placed in Class lA and accepted for duty. 
Their records are to be made available after the war, so that a foUow- 
u)) study may be undertaken. 

2. Till? plan of procedure during thc.se examinations has been outlined 
and the criteria for rejection have been de.scribed. 

2. Rheumatic valvular heart disease was by far the commonest cause 
of di.sability (67.4 per cent of the total number finally rejected). Next 
in order came hypertension, pci-sislcnt tachycardia, neui’ocirculatory 
asthenia, and congenital heart di.sease. ('ardiac hyjiertrophy of unde- 
termined ctiologA' was found with .sur])rising freipiency, namely, in 
twenty casi-s. 


4. I he original rejection diagnosis and the final diagnosis made after 
rc-examination were in agreement in 79.1 jier cent of 80S cases not 
rc'.subrnittcd. 


.%** -r ~ 1^'*-' ehest was of great value in e.stimating the 

sm o t to hcait. In 49 cases it was the decisive factor in furni.shing 
lasis toil (jet lion: in another 12 cases it showed cardiac enlarge- 
ment when the electrocardiogram likewise was ahnormal. 

b. The electrocardiogram alone furnished a basis for rejection in onlv 
me cases. 1 was found abnormal in another 2C iji which the plivsiciil 

Mgns w.Tc doubtful; in 12 of tlw.se cardiac enlargement was discoVered 
ni tile x-rav lihn. 
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7. The occuiTence of a systolic murmur at the apex fnrnislied the 
most difficult problem in diagnosis. A history of rheumatic fever, tlie 
intensity of the murmur, the extent of its transmission and its modifica- 
tion by posture and respiration were all factors aiding in the decision as 
to whether the murmur was indicative of organic disease of tlie mitral 
valve. However, judgment was difficult and the accuracy of the final 
decision is open to question. Only by folloAving a large group of these 
individuals over a period of years can a true appraisal of the importance 
of such murmurs be made. 

8. The critical levels of systolic and diastolic blood pressures likewise 
have not been established on a firm basis. Speculation on the basis of 
present evidence is unfruitful. Until further data are available or 
until the need for man power becomes acute, it would seem wise to ad- 
here to the criteria at present in use, both because of possible future 
damage to the individual and because of the danger of swelling the 
pension lists for disability. 

9. The range of the normal heai-t rale is perhaps subject to a more 
liberal interpretation. Tachycardia is readily induced by slight emo- 
tion and, if unaccompanied by hypertension, probably puts less strain 
on the circulation than does an increase in blood pressure, particularly 
when the diastolic level is elevated. Consideration should be given to 
raising the critical level of the heart rate; it is suggested that if this 
does not exceed 120 per minute the registrant l)e accepted. 

10. It is worth noting that in the series of fourteen examination 
periods during which this study was made, there was a gradual tend- 
ency to be more liberal in the interpretation of doubtful signs; this 
attitude applied especially to the apical systolic murmur. At the first 
session only 13.5 per cent of those examined were resubmitted; at the 
final session 27.2 per cent of those examined were resubmitted. The 
trend was gradually upward, though not in an unbroken line. 

11. The actual number of men salvaged was relatively small ; the 
labor and expense were considerable. For these reasons, it docs not 
seem feasible or nece.ssary at this time to recommend extension of the 
work. Yet this surve.y will not have been made without profit. It has 
demonstrated the possibility of rejecting a smaller number for cardio- 
vascular defects. It is hoped that it has defined more clearly the 
criteria for rejection by making them more specific and objective. It 
has indicated the need for further study of the meaning of certain 
physical signs, particularly the systolic murmur. It has emphasized 
the desirability of knowing more concerning the range of normal blood 
pressure and heart rate. By folloAving the group resubmitted, both in 
this city and in the others in which similar observations have been 
made, information should be obtained which will prove useful, not only 
during war, but in times of peace. 
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Selective Service, New York City Headquarters 
1 East 44tli Street, New York City 

Hon. Thomas E. Dewey, Governor 
Brig. Gen. Ames T. Brown 

The Adjutant General, State Director 
Col. Arthur V. McDermott 
New York City Director 

Eefer to Eile: SJK:A January 26, 1943. 

To: Chairman of Local Board 

Subject: — ^Ee-Examination of Eejected Heart Cases. 

1. Under a project of the National Eesearch Council there has been set up in 
the New York City Area, a special Medical Advisory Boai'd of. expert Heart 
Specialists. 

2. These experts are directed to examine registrants rejected for heart disease. 
The Directive from National Headquarters reads as follows: 

“It is desirable to select ambulant cardiovascular rejectees, ex- 
clusive of any rejected because of hemorrhoids or varicose veins, 
but including those rejected for neuroeirculatory asthenia, paroxys- 
mal tachj'cardia, and past and present rheumatic fever. 

“Cardiovascular cases bedridden and invalided, or those with 
other concomitant conditions which would cause their rejection 
will not he forwarded. 

“It is expected that D.S.S. Form 1003 will be made out in 
sextik'plicate. The local board clerk should fill in Section I of the 
original and all copies of this form and present them with the reg- 
istrant. Any papers pertaining to former physical examinations, 
x-ray films, or electrocardiograms in this registrant’s cover sheet 
which may he pertinent to this cardiovascular examination will 
also be made available to the (special) Medical Advisoi-y Board.’’ 

s/s C. G. Parker, Jr., Colonel, U. S. Marine Corps 
Deputy Director 

3. The above is being passed on to you for your attention and compliance. 
Herewith are a number of Forms 1003. 

4. Appended are the order numbers of registrants in your Board which the 
files at this Headquarters list as proper to send to this special Medical Advisory 
Board. 

5. The examinations will be held at the Presbyterian Hospital, 622 West 168th 
Street, New York City. The examinations will be under the immediate charge of 

Dr. Eobert L. Levy, and will be held for those of your Board on 

1943, at o’clock. 

The following order numbers of registrants of your Board have been selected 
from our record-files as suitable for submission to this special examination. If for 
any reason you cannot forward any particular one of the registrants whose order 
number is listed below, you are at liberty to substitute another whose rejection for 
heart disease is in your IV-F file. If substitutes are submitted, please send me 
their order numbers. 

The order numbers you are to submit are: 

Thank you for your cooperation. 

For the New York City Director, 

Samuel J. Kopetzky, Colonel, M. C., Medical Division 



. tlE-EXAMlNATiON OF AIEN REJECTED : NEW YORK BOARD 488 

ADDENDmi 

FOLLOW-UP OF 192 JIEX REStTBXIITTED AFTER RE-EXAjriXATIOX BT THE XEW 
YORK BOARD, AS OP FEBRUARY 11, 1944 

Accepted for Service (total) 140 


Army 

110 

Nav}’ 

27 

Marine Corps 

O 

Of the 110 accepted by tlie Army, two were subsequent!}* discharged for physical 

disability with the diagnosis of ‘‘Valvular 

Heart Diseases, Mitral Stenosis and 

Insufficiency. Existed Prior to Induction.” 

Fifteen who were resubmitted were placed 

in the following “Deferred Classifica- 

tions ’ ’ : 

1-A-H 

1 

2-A 

3 

2-B 

10 

3-A 

2 

3-D 

1 

Thirtj'-seven wlio were resubmitted were 

again rejected, 34 by the Induction 

Station and 3 by the local board physician. 

The causes for rejection were: 

Cardiovascular (total) 

2 

Hypertension 

1 

Tachycardia 

1 

Other (total) 

35 

Neuropsychiatric reasons 

14 

Tuberculosis, pulmonary 

5 

Hernia 

5 

Defective vision 

4 

Orthopedic defect 

2 

Administrative reasons 

O 

Hemorrhoids (ulcerated) 

1 

Duodenal ulcer 

1 

Undescended testicle 

1 



REPORT OF THE PHrLADELPHIA BOARD 
Wii.UAM D. Stroud, M.D., OH.\n{.’.fAK 


PERSOX.VEI^ 


Cardiovascular Examiners: 

Samuel Bellet 
George 0. Griffith 
Thomas HcMillan 
George Jlon-js Piersol 
William D. Stroiul, Chairman 

Ufjenf(je.n/)lo(iisi: Paul A. Bishop 

Nurse in Charge: Wyra Cassel 

iiexrcfariul Group: 

Ruth Bruder 
Helen Clapp 
Graee Jfartin 
Dolores Robei’t.s 
Caroline Wittman 
Esther Greenhurg 
Catherj'n Grundy 
Florida iMurphy 

Electrocardiographic Technicians: 

Catharine B. Sutterley 
3Iai‘garet G. MeCusher 

li o( n tgc n ologic Te ch n irians : 

Selena Black 
Isabel Gerber 


T he examination oi men rejected for cardiovascular disease either by 
the local examining boards or the Induction Center in Philadelphia 
uas carried on in tlie Out-Patient Department, at the Pennsylvania 
Ho.s'i)ital. from January 26 to March 23, 1943. The exjjrninations were 
made on Tuc^sday and Friday evenings from 6:30 until 9:30 p.m. There 
were in all a total of eighteen .sessions, with an average of about 58 
exatnined per evening. 


3 lie doctors v/ho participated in the examination were members of a 
.dedicai .\dvisory Boar d I Cardiologic) apjminted by the Goveimor of 
the State os Pennsylvania, at the rerjuest of Lt. Col. B. F, Evans, Acting 
Dirf.-cior oi Selcctrve .Sender; jn Penn.sylvania. Thi.s Boai'd con.sdsted 
of Dn. Samuel Pmfi.-i. (;<mrge C, Griffith, Thoma.s M. JIcMillan, Georg*'* 
Nurrh Piersol and William D. .Stroud, Chairman. 

ihe seleetiun ot and the .successful .’in-angement wdiereby the 

nsen were hy the lai-id board.s to the hospital for e.xamination. was 
.almost entirely due to the work of Lt. Col Edgar .S. Everhart, .Medical 
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Officer, Selective Service System, Pennsylvania. Colonel Everhart at- 
tended the first session in order to see that things ran smoothly. 

The rejectees were sent from 33 local hoards in the central part of 
Philadelphia. This meant that there were quite a large number of men 
with Italian parentage and a total of 207 (20 per cent) Negroes among 
the 1,035. men examined. 

The men Avere selected by the local boards by order number, with the 
.supei’Ansion of a physician on the board. The local board records Avere 
sent to the PennsylAmnia Hospital preA’ions to the evening on AAffiich each 
man Avas to be examined. Upon arriA'ing at the Out -Patient Depart- 
ment, the rejectees AA’ere Aveighed and their heights AA'erc taken. Each 
man AAms then examined AA'hile recumbent, by a member of the Board. 
If the examiner felt the diagnosis on tlie rejectee’s Form DSS 221 aa'os 
correct, the special form No. 1003, .supplied by SeleetiA'c Seiwice Head- 
quarters in 'Washington, Avas not completely filled out, but a complete 
diagnosis Avas made. If the examiner felt the rejectee .should be re- 
classified as lA, Form 1003 Avas completely filled out, electrocardiogram 
and 2 meter films A\-ei-e made, and. if the results Acere within normal 
limits, a diagnosis of no organic heart disease Avas made after consulta- 
tion Avitli either Dr. Mcj\lillan or Dr. Stroud. 

As a result, 171 eases Avith the original diagnosis of the local board 
or induction center Avere recommended for reclassification as lA (see 
Table I at end of paper). 

In the ca.se of 864 men, the oxaminei's agreed AA’itli the preA'ious 
diagnosis and recommended rejection for active seiwice (see Table II). 

CRITERIA EMPLOYED 

The requirements of i\Iobilization Regulations No. 1 to 9, by the War 
Department, Washingfon, Oct. 15, 1942, Sections 60 to 67, AA-ere ful- 
filled. 

A pulse rate of 100 or OA^er, after thiity minutes rest on a bed in a 
quiet room, Avas considered disqualifying. It AA’as the opinion of the 
members of the Board, hoAvever, that probably this limit should be 
raised if all other findings are Avithin normal limits. A blood pressure 
persistently above 150/90 Avas considered disqualifying also. 

Strangely enough, in the 174 men considered clinically AA'oHhy of 
reclassification as lA, only tlu-ee definitely abnormal electrocardiograms 
Avere found. Tavo of these had negative T^, To, and To, and one had 
negatiA^e To and T^, all haAung had the tracings taken in both the sitting 
and recumbent positions. In .spite of the negatiA*e clinical findings, 
these cases AAwre not recommended for reclassification as lA. A number 
had left axis dcA'iation, AAffiieh Avas considered due to the indiAudual’s 
build, and a number had multiple premature contractions, AAffiicli Avere 
not considered disqualifying. Electrocardiograms Avere done only on 
those clinically recommended for reclassification. 
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Dr, Paul A. Bishop, the Eocntgonologhst at the Pennsj-lvania Hos- 
pital, devoted a great deal of time to studying the 2 meter films of 
those eonsidered clinically to have normal hearts. He found 45 of the 
i-ejeetees with transver-se cardiac diameters of 1 cm. or more abo\'e the 
predicted nomal for their height, weight, and age, according to the 
la})le of Hodge.s and Byster. After carefully going over the clinical 
jjicture and the films of these case.s with membei’s of the IMedical 
Adsdsorj' Board, he agreed that, of the 45, only nine had sufficient 
x-reiy evidence of cardiac enlai-gement- to eanse rejection. 


KK.SULTS 


The two most difficult problems were a sy.stolic mui*mur at the cardiac 
a})ex and increased heai't rates with blood pre.ssures .slightl%' abo%'e nor- 
mal. !Hany men originally classed as 4F had only a .sj'stolic murmur 
in the pulmonic region, w'hieh was considered funetionrd. Of the 160 
men rejected for mitral insufficiency without cardiac enlargement, a 
great many, we believe, did not have organic vaBnilar heart disease, but 
the loudne.ss of the murmur in certain positions and following exercise 
caused rejection, because of the possibility that, if reclassified, thei' 
would be discharged from the Service .sooner or later. 

It is interesting to note that by far the majority of cases not recom- 
mended for reclassification had rheumatic heart disease — 569 men, or 
66 per cent. Two hundred men, or 23 per cent, had arterial }i> 7 )erten- 
sion, and 54 men, or 6.2 per cent, had neuroeireulalory asthenia. 

Of tlie 1,035 men examined, 207, or 20 per cent, were Negroe.s. Of 
the.se. 33, or 16 per cent, were recommended for recla.ssification as lA. 
Of the 569 men with rheumatic heart di.sea.se, 111, or 19.5 per cent, 
were Negroes. Of the 200 men with arterial hypertension, 54, or 27 
per cent, weje Negi’oes, It is inlere,sting Ijow few case.s of neuro- 
eireulatory asthenia were observed in Negroes, namely, 2, or 3.8 per 


c»mt. out of a total of 54 of sucli cases, 

e were much .surpn.sed to find how seldom a positive historj' of 
rheumatic fever was obtained in eases witlj definite rheumatic heart 
di.sease. Of o69 such ca-sc-s. only 89 (15,6 ]>er cent) gave a histoiw of 
rheumatic fever, and only 4 (0.7 per cent) a hisiorj- of ehorea, 

Ajipended are thr'ce lettei-s from members of the Board, outlining 
their reaetiorih to the study. They are wosih rea<Hng earefiiJIy. 

In c|«>.s!fiir. I cannot help ihankinu all of those ■who participated in this 
stiuH ff)r their cheerful cooperation ajid hard work. It wa.s a long, and 
at times a tiresome, job, but T believe that the rf:.-ults have been worth 
*« Ijiie. 


i.?."rrKfi.s viuni ixxAjn.s'fajs 


Ti.<- f.-i- of 


of j-f'jV-tM--- {?;f fotSov.-ino /‘orr.c to 

are '■alytivMo,] tircl'-r t'c.e foMoTrjrirr 


rnififl : 
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Murimtrs— The great majorit}* rejected because of valvular disease were found 
to have organic murmurs at the apex or base, or both. The remainder who were 
considered acceptable for service showed the following findings. 

a. . No murmurs. 

b. Systolic murmurs at the pulmonic region which were considered functional. 
These had been labeled as organic of the acquired or congenital tj^e. 

c. Systolic murmurs, at apex — Grade I (definitely functional). 

d. Systolic murmurs at tlie aortic area. 

In many, a systolic murmur was produced, or, if previously present, was ex- 
aggerated, by tachycardia and/or hj^pertension. 

The large single group in wliich doubt arose were those with Grade H systolic 
apical murmurs, who, gave no historj" of rheumatic infection, had no symptoms 
referable to the cardiovascular s.ystem, and showed a heart normal in size and shape 
upon roentgen study.^ Many of these, we believe, liad no endocardial lesion and 
could be acceptable for service. They were able, in many instances, to work at an 
occupation involving strenuous physical effort without sj-mptoms. 

Kypertension. — Most of those rejected for liypertension showed hypertension. 
Tliose of this group considered acceptable presented: 

a. No hypertension on our examination. 

b. A rise in blood pressure to I GO or 170 mm. which dropped to normal upon 
resting in bed for 10 to 20 minutes. The hypertension in these cases was con- 
sidered to be of psycMc origin. 

The remainder showed blood pressure readings of 160 mm. and over, which 
persisted after a thirty-minute rest and were associated, in many instances, -with a 
tachycardia, cardiac enlargement, and a Grade II systolic apical murmur. 

Tlie hypertensive group is important, not only because of its size but because it 
is frequently a transient manifestation of anxiety and may be produced by 
malingerers. Considerable care and investigation are required before rejection of 
these cases. I mention the follomng as illustrative: Last week I examined a 
young man of 32 years who had been rejected at the Induction Center because of 
liigh blood pressure; he had had two readings of 160 and 190 mm.; at my office he 
had a blood pressure of 140 mm., and showed a heart that was entirely normal. 

In this connection it might be stated that the environmental conditions for ex- 
-amining hj’pertensives at the Induction Board at 32d and Lancaster Avenue are 
not particularly good. There are no separate rooms and people are constantly 
milling about. The selectees are usually under severe nervous strain at the time of 
the examination; many have spent sleepless nights before this event, and others 
have engaged in various tj-pes of dissipation and have imbibed large amounts of 
coffee and other stimulants. These are all factors in raising the blood pressure 
and should be discounted in determining the basal status of the individual selectee. 

Tachycardia. — Simple tachycardia, ^^ith rate over 100 per minute, was frequently 
encountered. This group may be divided into several categories: 

a. Where the patients normally have a high pulse rate (a small group). 

b. Where the acceleration is the result of neiwousness and worry and may be 
considered part of an anxiety state. 

c. Mild grade of hyperthjToidism. 

d. Wliere the acceleration was the result of additional factors which may border 
on malingering, due to factors similar to those mentioned under hypertension. 

. The possible use of benzedrine and other sjunpathetic stimulating drugs should 
be ruled out. 

Cases in which the pulse rate exceeds 110 per minute under conditions which are 
considered basal should be rejected. 

Comment . — After perusal of the various reports from different parts of the 
country, it might be desirable to establish new criteria for acceptance of cardiacs, 
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at least to define more clearly the borderline groups. Based on these, it might be 
of interest to repeat this study in other parts of tlie country. 

These standards might be also utilized by, draft board physicians for future 
cardiac evaluations. 

Samukl, Bellet 

Dear Dr. Stroud: 

In re the re-examination of rejectees, the following thoughts come to mind: 

1. This Medical Advisory Board’s examination of rejected cardiovascular sub- 
jects was of value to the rejected selectee, because it answered any doubt which 
he might have in mind regarding his disabilit}^ 

2. It was of value to the Selective Service, because it restored to the Selective 
Service approximately 17 per cent of the men examined, making them available for 
active military duty. 

3. Examinations were of value to the physicians composing the Advisory Board, 
because they called for the necessity of making a definite decision with the aid of 
exceedingly well-trained colleagues. 

4. Examinations were of great value to the medical profes.sion, and an op- 
portunity for real study .should be called to the attention of the American Medical 
Association, the College of Physician.s, the American Heart .Association, and local 
heart associations. 

5. The study should prove of real value to the Eehabilitation Committee, who 
should use this data for war and postwar planning for extended rehabilitation. 

George C. Griffith. 

Dear Dr. Stroud: 

In re the re-examination of cardiovascular rejectees, the following thoughts come 
to mind: 

I believe that the final tabulation showed that we recommended for re-examination 
some 20 per cent of the 1000 rejectees examined. 

It is mj' feeling that if these 1000 young men had been examined in our offices 
as civilians, we probably would have decided that at least 60 per cent had no 
organic circulatoiy disease. It was my feeling that a considerable xjercentage of 
those rejected had no organic cardiovascular disease. However, there is good 
reason for this discrepancy, and, in ny opinion, we would have made a mistake had 
we sent back for re-examination many more than we did return. 

In this sort of work I think it is necessary to set up certain standards and to 
adhere to them. For, after all, we were not the last word; we had no authority to 
do more than recommend a re-examination. AVe would have erred, therefore, in re- 
turning persons who showed certain findings tvhich subsequent examiners would 
regard as cause for rejection even though we, as specialists, felt that these findings 
were unimportant. In other ^vords, we should not use our special knowledge and 
experience too finely, and should not apply it beyond the point which subsequent 
examiners can readily accept. 

Murmurs were, as ever, a source of difficulty. In deciding to reject any one who 
showed a definite apical systolic murmur, I think we acted properly, though many 
so rejected did not, in my opinion, have organic heart disease. I think it was also 
a sound decision to accept murmurs (1) that were lieard at tlie aortic area, but were 
soft; (2) that were not heard in all phases of respiration; (3) that clearly 
originated at the pulmonic area; (4) that were late in systole and soft, even if they 
were best heard at the apex. I believe subsequent examiners will find it possible 
to accept and follow these criteria. 

Many that were rejected for mild hypertension or for a rapid heart rate cer- 
tainlj' had no organic circulatory disease. However, after my experiences with 
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neurocirculatory asthenia in France in the last war, I am of the opinion that those 
whose blood pressure goes above ICO or whose pulse, rate reaches 120, as a result of 
the excitemeiit incident to an examination, and which do not return to normal after 
a half hour’s rest in the prone position in quiet surroundings, are not good candi- 
dates for the Army. I tliink, incidentally, that a heart rate of 100 is a little too 
low. I would be inclined to raise it to 110 or even 120 before considering this a 
cause for automatic rejection. 

THO-MAS il. McMILLAX' 


Philadelphia. Table, I 


Eejectees Eecommexded for Eeclassificatiox as 1A 


diagnosis of local board 
or induction center 

TOTAL 

(NO.) (%) 

white 
(^’0.) (%) 

NEGRO 
(NO.) (%) 

Valvular heart disease 

97 

56.7 

77 

79.4 


20.6 

Arterial hj-pertension 

on 

OO 

19..3 

25 

75.8 

8 

24.2 

Tachycardia 

14 

8.2 

13 

92.9 

1 

7.1 

Cardiac enlargement 

5 

2.9 

5 

100.0 



Heart condition 

12 

7.C 

9 

75.0 

3 

25.0 

Neurocirculatorv asthenia 

4 

2..3 

O 

«» 

75.0 

1 

25.0 : 

Cardiac arrhjdhmia 

2 

1.2 

9 

100.0 



Hyperthyroidism 

i 

0.6 

1 

100.0 ■ 



Presence of rheumatic fever 

1 

0.6 

I 

100.0 



Congenital heart disease 

1 

0.6 

1 

100.0 



Psychoneurosis 

1 

0.6 

1 

100.0 



Total 

171 

16.0 

138 

80.7 

33 

19.3 


Philadelphia. T.vble II 


Rejectees Not Recommexded for Reclassification 


DIAGNOSIS OF JIEDICAL AD\’ISORY BOARD 

TOTAL 

■\raiTE 

NEGRO 

(C.HIDIOLOGIC) 

(NO.) 

(%) 

(NO.) 

(%) 

(NO.) 

(%) 

Rheumatic heart disease 







Mitral insufficiency 

160 


134 


26 


jMitral insufficiencv (C.E.)* 

148 


100 


48 


Mitral stenosis 

131 


315 


16 


Aortic insufficiency 

4 


1 


3 


Aortic insufficiencv and mitral in- 

oY 


28 


9 

* 

suffieienev 







Aortic insufficiency and mitral sten- 

54 


49 


5 


osis 







Aortic stenosis and mitral insuffi- 

16 


12 


4 


ciencv 







Aortic stenosis and mitral stenosis 

19 


19 




Total rheumatic heart disease 


65.9 

458 

80.5 

111 

19.5 

Hypertension — arterial 


23.1 

146 

73.0 

54 

27.0 

Neurocirculatorv asthenia 

o4 

6.2 

52 

96.2 

2 

3.8 

Congenital heart disease; pulmonary 

9 

3.0 

7 

77.8 

2 

22.2 

stenosis 







Congenital heart disease; patent ductus 

4 

0.5 

4 

100.0 



arteriosus 







Congenital heart disease; patent ductus 

1 

0.1 

1 

100.0 



arteriosus; pulmonary stenosis 







Congenital heart disease; patent inter- 

4 

0.5 

1 

25.0 

o 

o 

75.0 

ventricular septal defect 







Syphilitic heart disease ; aortitis 

2 

0.2 



2 

100.0 

Syphilitic aortic insufficiency 

1 

0.1 

1 

100.0 



Tachycai'dia 

8 

0.9 

8 

100.0 



Rejected on x-ray alone 

9 

1.0 

9 

100.0 



Rejected on electrocardiogram alone 

•> 

0.3 

o 

u 

100.0 



Total 

864 

83.5 

690 

79.8 

174 

20.2 


*C.E. =,Cardiac enlai'sement. 
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Pini^-MJELPHIA. ' TABI/E IXI 
Resuet of Re-examixatiox nv Special Boaf.d 


'I’otal number examined 
Number resubmitted 
Number rejected 


1,035 

17] 

sr>i 


PmiiABEU'inA. T.vcee IV 

Original Ebjectiox Diagnoses 


(By Local Board or Induction Station) 


DIAGNOSES 

NUifBEi: 

FINALLY 

IlESUBMITTED 

NUJIBEP. 

EINALl.Y 

IIIMEUTED 

Rheumatic vahnilar heart disease 

97 

550 

HjTierten.sion 

33 

007 

Tachycardia 

14 

35 

Congenital heart di.seasc 

.1 

10 

Cardiac hypertrophy 

i3 

5 

Rheumatic fever — recent 

1 

1 

Heart disea.se — un.spccified 

12 

20 

Ncurocirculatorv asthenia 

4 

%j 

Cardiac arrhythmia 

2 

1 

Cardiac neurosis 

a 


Syphilis of aorta 


3 

Aneurvsm of aorta 



jVneurv.cm. other than aortic 



Heart dhmi^c due to chest deformity 



Coronary heart disease 



ECC abnormalitv only 



Peripheral va.scular di.scase 



Pericarditis 



Nephriti.« (persistent albuminuria) 


2 

II j-pe rtln-roi di.sm 

1 

1 

Total 

171 

804 


Philadelphia. Table V 

Final Reiiotion Diagnoses in Cases Not Resubmitted nv Speital Eoabd 


Rheumatic valvular heart diseai-e 500 

JTypertenision 200 

Tachycardia 8 

CouKenilal heart disease IS 

Syjdiilis of aorta 3 

Aneury.-fn of aorta 0 

.Vneury.'-m other than aortic 0 

I’ardiac ealarKcmeiit only f* 

Myocarditis, rlieurnatic ' 0 

f'oronury heart djsfas<» fj 

lb-art (iisease, imsjHicified 0 

NeuriwirculaJory a.sthenia .54 

Auricidar tibriliatioji — jmroxy.-mal 0 

Auricuhir librillation — permanent t) 

I'Afoxysraal fachyearrlia 0 

t'ardiric arrhythmia only 0 

fard’.ar neiiroslp ' q 

ib'-ent rlH-arnafic fever 0 

pericarditis p 

llfGrt di-«t'-e due to che-Jt deformity 0 

IJ'G id>f;orma!it'.' oi)h- ‘ 3 

Pcrip!.,.,j,] Tu.'-:uiar di-ca.-e 0 

ycphritis /pt.-dstent alfiuinimiria) 0 

Hyp- rthy.’-oi/ii.r.-r; o 
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PhiladeijThia. Table .VI 

Types of Rheumatic Valvular Heart. Disease ix Rejected Cases 
(Final diagnoses by Special Board) 


Total number cases rheumatic valvular disease 569 

llitral regurgitation 308 

Mitral stenosis 131 

Aortic regurgitation . 4 

Aortic stenosis 0 

Combined mitral and aortic 126 


Philadelphia. Table vn 

History of Rheu.matic Fetor or Chorea ix Cases With Valtolar Heart 

Disease 


History of rheumatic fever 89 

History of chorea 4 

History of both rheumatic fever and chorea 0 


Philadelphia. Table VIII 


Types of Goxgexit.al Hh\rt Disease ix Rejected Cases 


(Final diagnoses by Special Board) - 

Patent ductus arteriosus 
Defect of I-V septum 
Defect of I-A septum 
Subaortic stenosis 
Tetralogj- of Fallot 
Coarctation of aorta 
Pulmonic stenosis 
Dextrocardia 

Low aorto-pulmonary artery communication 
Prominent pulmonary artery 
Combined lesions 

Patent ductus and I-V septal defect 
Patent ductus and pulmonic stenosis 
Patent ductus and dextrocardia 
Defect of I-V septum and coarctation of aorta 
Unspecified 


4 

5 


9 


1 


Philadelphia. T.able IX 

Distributiox of Cekt-aix Fixal Diagxoses by Race 


(Xo Chinese or Filipinos were examined) 



■white 

XEGRO 

Total number examined 

828 

207 

Xumber resubmitted 

138 

S3 

Xumber rejected 

690 

174 

Rheumatic valvular disease 

458 

111 

Hypertension 

146 

54 

Tachycardia 

8 

0 

Xeurocirculatory asthenia 

52 

2 

Congenital heart disease 

13 

5 

Sj'philis of aorta (inch aneurysm) 

1 

2 

Coronary heart disease 

0 

0 

Permanent auricular fibrillation 

9 

0 

Paroxysmal tachycardia 

0 

0 
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Pnn.AI>ELPJ!IA. Tapi-k X 
MI.scI:rA.A^•T:ous Data 


No. of ca.'rCF ro-jubmittcd with liypertenrfon, believed to be of pervou.« orijpn 0 

No. of cape.' i{?Hubmitted with tacliycjirdia, Injlicved to he of ncrvou.« origin 0 

No. of capf-.s re.'-ubmitted with unexplained (nonp>athologicj apicnl sy.slolie 2] 

murmur.-; 

No. of cape.s re.pubmitted with unexplained (nonptathologic) aortic .py.«tolic 0 
munnur.s 

No. of ca.ses in which the ECG was the decitling factor in final rejection di- ft 

agno.-'i.-; (TliLs doe.p not necessarily mean it wa.H the only finding, e.g.. 

a systolic murmur al.^o may have been present) 

No. of case.s in which x-ray of the ehe.st was the tlccuHny factor in final re- 9 
jection diagnosi.s 

No. of ca.se.c in wiiich original rejection diagnosis (by local board or indue- 002 
tion station) agreed with final rejection diagno.ri.s of .Special Board 

No. of case.= in wiiich there wa.s di.sagrcement between original and final re- 202 
jection diagno.'-e.' 

No. of cases in which incomplete original diagno-iis made coinpari.son impos- 08 
sible 

The three or more original rejection diagno.=e.« with which the final diagnoses 
mo.=t frequently dhagreed (in order of frequency of disagreement) 

1, Vah’ular heart disease 

2. Hypertension 

8. Tachycardia 


ADDKNDUJI KOn J’HJLADELPfllA ItK-KXAiIJNATION KKPOUT 

Of the 171 rejectees recommended for resubmission for examination at the In- 
duction Center a.« probable lA, 107 were accepted for military' service by Aug. IH, 
1943. There were 44 rejected and 20 not re-examined, for other reasons. The 
causes for the second rejection were as follows; 


Hyjiertension 


.0 cases 

Patent ductus arterio.sus 


1 ca.«e 

Valvular heart disease (mitral) 


1 case 

Heart block 


1 case 

Occlusion of left brachial artery 


J ca.se 

Nervous and mental 


14 ca-^e.s 

Miscelluneoup 


21 cases 

Otitis media 



Hernia 

4 / 


Defective vi.«ion 

3 


Albuminuria 

1 


Alcoliolipm 

1 


Asthma 

1 


Bronchitis 

1 


I'isluta in ano 

1 


Fracture 

1 


Oiiesity 

1 


.Slrictur'- 

1 


Hyphiljji 

1 


Tul.i-rculrjiif.- 

1 


Hiammering 

1 



1 




REPORT OF THE SAN FRANCISCO BOARD 
AVilliam J. Kerr, M.D., Chairman 

ORGANIZATION 

Professional Staff: 

AVm. J. Kerr, Chairman 

E. L. Bruck 

F, L. Chamberlain 
J. K. Lewis 

J. M. Read 

J. J. Sampson 

Paul Grliebe (Psychiatry) 

Majm H. Soley (Neurocirculatoiy asthenia) 

Earl R. Miller (Roentgenology) 

Resident Staff and interns in Medicine and Roentgenologj^ 
Secretarial and Technical Staff’: 

Medicine 

Elena Bogdanoff 
Mary M, Ehlert 
Prances L. Gutzman 
Carol F. Higby 
Eleanor Little 
Mildred Perry 
Sjdvia Posner 
Barbara Saunders 
Alildred Truett 
Electrocardiograph 
Jean ‘Hitch 
Ola Nagle 
Evel^ui Tiernan 

X-ray 

Emily Bacon 
Esther Ross 
lone Shrader 
Ann Temple 

Laboratoiy 
Fermer Lloyd 

HOUSING AND TLME FOR OBSERVATIONS 

W AITING rooms and examining rooms in Out Patient Department 
of the University of California Hospital, 

Time of sessions: Monday, AVednesday, and Friday evenings, 7 to 
10, or until finished. 

Fluoroscopic unit, electrocardiographic laboratory, and clinical labora- 
toiy. Out Patient Department of the University of California Hos- 
pital. 

X-ray film rooms, Univei-sity of California Hospital, adjacent to Out 
Patient Department. 
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ARRANGEJffiNTS FOR EXAMINATIONS 


Through Ihe California Slate Selective Service headquarters, Sacra- 
mento, California, instructions Avere issued to the local boards in the 
San Fi’anciseo City and County, to “pull” the records of all draftees 
in 4F who had been rejected for cardiovascular diseases and who 
showed no otlier rejectablc defects. A sergeant was assigned to serve 
temporarily with our Special Board to facilitate the study. Subse- 
quently, llie local boards in Oakland and Berkeley were instructed to do 
likewise to .secure the total of more than 1,000 .suitable records. 

At frequent intervals, and at least ten days before the dates for ap- 
pointments to report for examination, the Chairman met ■with the 
sergeant to go over individual records to make sure that no men were 
called with (1) other rcjectable defects, (2) positive serological tasks 
for syphilis, or (3) those who would reach the age of 38 yeara within a 
month of the time of examination. 

Groups of 50 to 55 were called for the earlier examinations; later, 60 
to 70 were called when it became apparent that a larger number could 
be examined effieienth'. 

Some difficulty was c.xpericnced in completing the electroeardiogi’ams 
and roentgenograms on the evening of the examinations because the 
doubtful conditions required longer study and many of these ac- 
cumulated toward the end of the evening. To obviate a rclui’n visit 
it was frequently nece.ssary to keep the technicians and some of the 
secretaries until a late hour. 

The Resident Staff were of great assistance in making some of the 
preliminary examinations to con.scrvc the time of the chief examiners, 
especially in those subjects with tachycardia and hypertension rc- 
(luiring many observations. Incidentally, the opportunity for these 
a.ssistants to see such a large and varied collection of cardiovascular 


conditions was of great educational value. 

At the beginning of each se.ssion, .subjects were passed rapidly through 
the fluoroscopic unit and then placed at rest in the examining rooms. 


Bach examiner had three or more quiet rooms which we found important 
for ]>if)jicr ob.servation and to provide .sjiacc foi’ prolonged rest when 
required for subjeerts with tachycardia or hypertension. 

Consultatinus between cxaminei-s %Yorc frequent, and in all cases 
where a chief examiner thought the candidate had a doubtful lesion or 
one which would jtlar-c him in the group, one or more examiners 
verified the findings of the first examinei*. 

!■ rom the beginning, we were anxious to maki* special ob.servations 
on three groups of subjects, We were pariicularly interested in noting 
she number of subject.s with eoaretation of tlie aoria. Our high inci- 
d'-ms; of tliis condition, in compaiwm with the findings of the other 
units, is .striking: perhaps dm* in part to the higher relative incidence 
«)f C'ongenitjd lesions in thi.s geograjihic area. W(; had associated witli 
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US an able psychiatrist who made special observations on those mth 
persistent tachycardia and persistent hypertension, and. a physician 
skilled in physiologic methods who made special observations on sub- 
jects with suspected neurocirculatory asthenia. 

Most of our subjects were of the white race. The figures for the 
Negro race are not immediately available but they constituted a 
negligible group for statistical purposes. 

During the early part of the examinations the standards of acceptance 
were those specified by the Selective Service instructions MR 1-9. Pol- 
lovdng the receiiDt of a memorandum of decisions from the Boston Unit, 
Pebruaiy, 1943, we adopted a more liberal attitude concerning tachy- 
cardia and hypertension, namely, maximum levels of 110 for the pulse 
rate and 160/95 for blood pressure readings. We recalled all the 
borderline cases previously examined and accepted a number of those 
who would have been otherwise rejected. 

A total of 983 subjects were examined. Of these, 24 were found to 
have no cardiovascular abnormality but liad other defects which were 
specified for the benefit of the local draft boards. These clinical condi- 
tions are listed, and these 24 subjects have been counted in compiling 
our statistics, in view of the fact that they were originally rejected for 
cardiovascular disease where no rejectable cardiovascular disease was 
found to exist, and because we may have overlooked other rejectable 
noncardiovascular disease which may be found subsequently at induc- 
tion centers. 

RESULT OF THE EXAJIINATIONS 


The results of the examinations are tabulated as follows : 

Total number examined 983 

Number accepted 275 = 28.0 per cent of total 

Number accepted as to cardio- 
vascular system but rejected 

for other defects 24 = 2.4+ per cent of total 

Number rejected for cardio- 
vascular defects 684 == 69.5+ per cent of total 

A table showing comparative figures for draftees rejected by local 
boards and induction centers and results of our examinations includes 
24 men accepted for cardiovascular status but rejected for other causes. 


Rejected by local boards and medical 
, advisory boards 
Accepted by our board 
Rejected by induction centers 
Accepted by our board 


420 

181 == 43.1 per cent 
563 

. 117 = 20.78 per cent 


The'. diagnoses of the specific clinical status of the entire group of 
983 have been arranged alphabetieallj' in Table II and the comparison 
of our findings Avith those' of the local draft boards and the induction 
centers is shoAvn, 
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The data of our examination have been arranged and grouped in 
Tables I, IT, and III. 


,Sak Ffi-AXCisro. Tapax I 


REJECT 


8 \ 7 )hilitie aortitis prosurriptive — po.sitive hi.=forA-, nogafive 
.‘•erology test 

Valvular lietirt tlisease, all types 
Kecenf Ju.story of rlieumatic fever 
Hv'perten.sion 
■“Nervou.? hypertension’’ 

Tachycardia 

" Nervous tachycardia” 

Neurocircnlatory asthenia 
Anxiety neurosis 
Angina pectoris 
ilyocardial infarction 
Pericarditis 

Physiologic or functional murmur.*-- 
Systolic click 

Congenital heart di.'-ease (total 00): 

Coarctation of the aorta 
I-V septal def<v.-t 
Patent ductus Eotalli 
Pulmonary steno.sis 
Inteniuricular septal defect 
Other congenital defects and mixed 
Enlargement of lieart by x-ray btyond acceptable limit 
ivithout other defects 
Thromboangiiti.s obliterans 
Heart displaced by pulmonary disease 
Funnel bre.a.‘:t with di.<Tilaced heart 
Poor training 
ll}i j e rt h VTO i d i s rn 
Nephritis 

Borderline cardiova‘*cuiar di.«ea.“e, crjinbination of clin- 
ical findings, x-ray, and electrmisirdiographic changes 
Distnrls'd rneclianisms and arrhythmias: 

Auricular taciiyctirdia (paroxysmal) chiefly on veri- 
fifsl liistorj' 

Auricular flutter ^secondary diagnosis) 

.Vuricul.ar fibrillation 
A--V heart hU»:\: 

Bundle lirancli bloek 
Bensitive carotid sinus 
Vagotonia 

Pfirdiovascular .sy.«tem within normal limits, ba.«-ed on 
criteria 

Nonca rdiovjiscnlar defect s 

E1fr<‘tr<K'ardiogrr!ph)f. abnonnalities ('primary cau'-e of rc- 


297 

202 

17 


19 

G 

1 

1 


S 

2.1 

9 

1 

1 

IG 

2 G 


1 

o 


1 

2 

8 


1 

2 

4 

2 

1 

1 


24 

12 


ACf'EPT 


01 

19 



100 


or REAui/r-s or tiik f:.XAiiix'ATJON 

The ebief diffieiiltif.-s; cneountored 5n the exainination.s tvere concerned 
'vith decistons in subjeeCs vrith murmur.*?, tachycardia, and borderline 
livperlen.s’on, Mirny .subjeet.s- v.-bo sbotved moderate or marked elevation 
of the pulse Hite jTiotvcd ximfoUt, jHiirmiirx, chiefly over the third left 
intereoslal .space near the .slemum and trauKroitted along the eoiir.se 
of the ptihnonary artery. After rest and relaxation, many of these mur- 
mur? decreased in intensity or disappeared. In a fetv subjects with 
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San Pr^vncisco. Table II 




DRAFT BOARD AND 
INDUCTION CENTER 

OUR DIAGNOSIS 

j 

RE- 

JECT 


DIAGNO.SLS 


DIAGNOSIS 

PRI- SECOND- 

FRI- SECOND- 

ACCEPT 



JIARY ARY 

MARY ARY 




Entire group — 982 





684 

Angina pectoris 

1 

1 

1 

1 

1 

Auricular fibrillation 

1 

1 

2 

2 

.2 

Auricular flutter 




1 


Anxiety neurosis 

3 

2 

6 


6 

A-V lieart block 

3 


4 

5 

4 

Buerger’s disease 

2 


2 


2 

Bundle brancli block 



2 


2 

Carotid sinus 



1 


1 

Combination of borderline abuor- 



8 


8 

malities 






Congenital heart: 






Coarctation 



7 + 1 ? 


8 

I-V septal 

9 


25 + 5 ? 

I 

25 

Patent ductus 

1 


9 


9 

Pulmonary stenosis 

1 


1 


1 

Others 

13 


16 

1 

16 

Auricular septal 



1 


1 

ECG abnormalities 

2 


12 

9 

12 

Enlargement by x-ray 

11 

1 

26 

1 

26 

Enlargement without x-ray 

28 





Heart displaced by lung di.cea.se 



1 


1 

Hjqiertension 

278 

4 

202 

10 

202 

Funnel chest 



2 


2 

Hj*pertension, nervous 



31 



Myocardial disease 

19 





Myocardial infarction 

1 


1 


1 

Ncuroeirculatory asthenia 

10 


19 

11 

19 

Nephritis 

9 


4 


4 

Premature beats 

0 

w 

1 

3 

4 


Pericarditis 

4 


3 

1 

3 

Physiologic murmur 



89 



Poor training 



2 



Eheumatic fever 

0 


3 


3 

Systolic click 



o 

O 



Tachycardia 

76 

8 

17 

9 

17 

Tachycai'dia, paroxysmal 

5 


5 

1 

5 

Tachycardia, nervous 



19 

' 2 


Syphilitic aortitis 

1 


2 


2 

Vagotonia 



1 



Vahmlar heart disease: 






Aortic regurgitation 

16 


71+2 ? 

6' 

73 

Aortic .stenosis 

3 


13 

27 

13 

Aortic insufficiency and mitral 

3 


54 


54 

stenosis 






Mitral regurg.? etiol. 

104 


62 

1 

62 

Mitral regurg., rheumatic 

10 


26 


26 

Mitral stenosis with or without 

35 


63 

3 

63 

regurgitation 






Valvular heart disease 

307 


6 


6 


274 + 24 


81 


89 

2 

3 

19 

1 


flat chests these inm-niiirs persisted, and if they remained loud, we 
were inclined to reject the subject although we are of the opinion that 
they are of no clinical signifleance. Cardio-respiratory murmurs ivere 
observed frequently, and a notation was made on the record of the 
type, for the benefit of the examiners at the induction centers.-.' Systolic 
murmurs at the apex, without history of rheumatic fever ■ or scarldt 
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Sax Fkaxcjsco. Taiilk ITI 


lilAGXO.SIS 

DRAFT BOARD A.VD 
INDUCTION' CENTRR 
DIAGNOSIS 

DRI- SECO.S'D- 

MARY ARY 

OUR DIAGNOSIS 

IT.I- SECOND- 
■MARY ARY | 

RE- 

JECT 

AC- 

CEl'T 

Accepted for curdiova-scular .statu.s, reiceted for: 




Alcoholi.«in 


] 

] 


A.«thma 


2 ? 

O 9 

4 


Epilepsy 


1 



Homose.xuality 


t 

1 


Hyperthyroidism 

a 

2- I 

i) 


Ht-popittiitari.sm 


] 



Hernia, inguinal 


] 

1 


liliterncy 


1 



Lymphoma 


1 ? 

1 ? 


Mental defective 


O 

2 


PbvcIio.kc.s 


4 

4 


Psvchoneurosi.s 


J 

1 


Psychopathic inferior 


1 

3 


Tuberculo.si.s 

5 + ;i ? 

5 + til 



fever, witli no evidence of enlargement by physical examination or by 
x-ray, without electrocardiographic changes, and with no other evidence 
of cardiac disease, were accepted. Many of these murmui-s varied with 
respiration or posture and were considered of no clinical significance. 
Jlid-systolic murmui’s or late systolic clicking sounds at the apex were 
not considered cause for rejection, in the absence of other evidence of 
cardiac disease. In a very few instances where such murmurs were 
veiy loud in any posture, the subjects were rejected, in view of the 
probabilitj' that, if detected during febrile states or at other examina- 
tions, a diagnosis of serious heart disease would be made on the 
murmur alone.® 

Persistent tachycardia and other symptoms and signs generally, 
grouped under the .syndrome of ncui-ocirculatory asthenia were frequent 
causes for rejection by the local boards and at the induction ccntci-s. 
It .should be stated that the acceptable limit for the puLse rate iiad been 
raised to 110 i)er minute for our examination, which explains in part 
the di.scre})aucy on figures for rejection. Between 75 a7jd 100 men liave 
been referred wth a diagnosis of neuroeirculatory asthenia. It has been 
obvious in going over this .special group that the criteria for making this 
diagnosis vary widely. 

Persistent hyiierlension was found in our grovij) of subjects i)i about 
the .same nitio as among all llie other groups studied in ea.s’lcrn citie.s. 

A -ray Examination . — The JIodges-Eyster formula for cardiac size 
ap}>ear-s to be generally accejilable, but in a number of ca.ses a strict 


, ftrurk Wllh tht- rcliitlvoly pmrd! numlHT of «ubj':ct.t who 

I*'!’’ o'-nnU'* < of v.nU-nl.'ir lUmtw.f;. Inrlihllnt; rhotniiattc 

his'*' hifif: Known that rli<'utn.'«tlr; fi-vt-r xvus rnlathviy uncoinnion In tho Bay 
p.'Kton nntl In oUnr r-yctlon.'s of fTallfornla, but rh*;uiii;illr Jio.-iri Imu bcori 

,:nown in who Ij.-nl no j.I.i-iorj- of r}i«;unmtl.*m. In Colne ovor tills Kroap of 

i-nityps. W"' in.ti.i- lt_ a iM.iint l'> qin-stion nutnbor of th*.-in about tholr r<:.«l(l'-nt;c at 
tn*- tin:'* v.lutt naii thiainiatlc f« v« r. or ftr.st ha»l any mention mu<U: of valvular 

b»:\rt oiynr'-, Jiful fouf-ai that «(iilti- a larya nutnia-r of tlo'fv jount; irii-n harl tholr 
h-}-in tvnib- tl)-> w. n. iivint; in otbtr M-ction.s of th<; <;oiintry. Wo Jiro now 
» rurv--}- of th*- wh.f.'.., irrouh to find out. if v.c- ran. wh-n and wh'-rc ttu-y find 
had <>t rytaidn.'uf- of v.aHutttr h.'urt ili.saa.y.. or rlauiunlio favor or <}ionu. Wo 

ntaj' JT'd f.jfiio Ifitoro-Onc data from tlii- stiiily. 
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appKcation of the rule would exclude some normal subjects. Dr. Earl 
R. Miller, roentgenologist, has summarized his, observations on the 
roentgenologic examinations and I am incorporating his comments: 

‘ ‘ Prom the radiologist ’s point of view, it \vould seem that the best way 
to examine rejectees from the draft would be by a survey of all of the 
rejectees by single 14 by 17 posteroanterior films of the chest. This has 
the advantage of being an objective measure of heart size and shape, to 
Avhich any of the accepted criteria for heart size could be applied. 

■‘‘I believe the Hodges-Eyster method of measurement is perhaps as 
good as aiiy, inasmuch as it is about as objective as it can be, and be- 
cause it takes into account much more of the patient’s build tlian the 
cardiothoracic i ratio. In addition, the film of tlie chest demonstrates 
other conditions, such as lesions in the lung, which Avould make the 
person unfit for military service. In questionable eases, fluoroscopy 
should be added. Fluoroseopj^, alone, has the very marked disadvantage * 
of being a subjective record and therefore its validity is open to doubt.' 

"It is frequently argued that the cost of such an undertaking as mass 
film surveys of people is veiy expensive. I think it is quite obvious 
that the expense of sucli a survey is very much less than the cost of the 
care of patients missed by failing to make such a survey. 

‘ ‘ In addition, this record would be of inestimable value to the patients 
themselA'’es for comparison in future years when other diseases make 
their appearance. 

"It would seem to me that a little leeway should be allowed in re- 
jecting patients for heart size when their heart is apparently slightly 
above normal in size and all other things appear to be vdthin normal 
limits. It Avould seem that a strict application of some rules about 
size does not ahvays allow a correct interpretation of the cardiac status. ’ ’ 

Electrocardiography . — ^^\^e had a number of electrocardiograms of 
individuals who seemed to be entirely normal and whose cardiac sounds 
were either normal or showed so-called functional murmurs where the 
electrocardiogram showed prolongation of the P-R interval to a 0.22 
second or more, and in some instances to 0.24 second in one or two 
leads. We had some difficulty in evaluating this finding and we are 
keeping these records together for special study in the near future. We 
hope to be able to follow these subjects for some time. 

Several of the chief examiners have submitted a number of observa- 
tions which are incorporated as follows : 

1. Dr. Edwin L. Bruch . — "I think the regulations for examination 
of selectees should be made most carefully by cardiologists, and that all 
doubtful murmurs should be submitted to unusual scrutiny, for I am 
sure that many of the murmurs which have rejected young men from 
the Armed Forces are not important in so far as cardiac pathology is 
concerned. Further clarification in the regulations, as well as in the 
minds of many examiners for the Army and Nayj^ is going to be neces- 
sary before proper acceptance or deferment of individuals Avith heart 
murmurs can be made. Not only the so-called functional murmurs but 
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also qucsfioiKible inunnui-s should be examined \nlh the utmost scru- 
tiny. and other examinations of the heart should be carried out in 
greater tletail, because we are .sure that many of these murmurs may 
come from mild congenital defects or unimportant lai'gc ve.ssel changes 
and have no significance when the heart is normal from the standpoint 
of x-ray. electrocardiography, vital capacity, exercise tests, pressure. 
])ulse rate, etc. 

“The determination of the si/.e of the heart by oi-difiary clinical 
methods of percussion and palpation, as agaimst the x-ray examination, 
is always a surj)rise to me. That is, f am surprised that the two 
methods of examination coincide so often. There is no substitute, of 
course, for proper x-ray examination, but the evaluation of heaif size 
from .x-ray examination is sometimes difficult. According to formula, 
wc saw many hearts which were large l)y. that method and within the 
liormal range of size by all other methods. Many times these were on 
the basis of formula or the nomogram in which the height and weight 
of the individual were abnormal in projmrtion. That is, very tail, thin 
people were apt to be construed as having hearts that were enlarged 
when, by all other methods, they were within the normal range, 

“As to the matter of rapid pulses with normal sinus rh.vlhm, the 
nciwous influence must be a very large one in this group of men, en- 
gendered by cifhci- one of two fears. The fcai' of being taken into the 
Amy when they do not want to go or tlie fear of being left out when 
they do want to go. I do not believe that these conditions caji be classi- 
fied as cardiac neurosis or ncurocircnlalory a.sthenia without a number 
of other findings wliicli were lacking in mr)sl. instaTices. This group 
flescrvcs further examination and further .study,'’ 

2. Dr. J. ^farion fiend . — “Wc found a great many j)ati(;n1s who 
aetually had normal blood j)re.s.sure.s and who had been Magged’ as 
hypertensives. Of course, the same was true to a cmlaiu extent in many 
of llie .subjects with murmur.s, but I was particularly struck by tlx* 
fornici*. It is difficult to ex[»lain Ibis .situation. Probably many of the 
.subjr-ets were ‘pcpjjcd nji' and a little !iyj»erIoMic ;if llx^ lime of their 
fii-st examijialion, but were not really liyperlen.siv(‘S. “ 

o. Dr. J. J{. Jjdfis . — “With reference to heart size* by x-ray, J fet;! 
that the i)re.sc)it allowaltle limits might be incj'i'ascd with .safely. T 


would smrge.st a fui-tlier study of the rejected group, particularly the 
borderline ea.ses and those in whom an exact diagmo.sis could not be 
made.“ 

A. Dr. David A. Hjiiand (Dr. Hvtand sulj.stilufcd for Dr, J, K. 
Lewis^).-~“ I was impressed, as niiHlit have been exijccled. by gross in- 
equalities in the general level of practicing^ j*tiysician.s; heart disease 
<li:imx)scii wix'K not i»rcscnl, on the o.’jc hand, as again.sl the numbej- of 
patiemts with eoarctaliun who krxfw what was wrong with them, I am 
fiof yet con vitict‘(I that men .sbouhl be i’cjcctcd because their arterial 
pressures are a icw milliinelef-s over certain arbitrary standards. Like- 
wisf, I Jill v.'c p;iy too iiincli aflejition to lone systolic murmui'S (exeepf 
at the basc f and to tlnur tran.sini.ssion. ’’ 

o. Dr }■ . Jj, ( lirnuhi rhntt. — “In the draftee examination re.^icarch, I 
doiihteo ilu- accuracy of the x-ray Iiearf measurennrnts according to tlx,- 
}>y>t(r Sormula. It woidil be very heii>fal if the pati<-nt.s reicefed be- 
ciitt-ic ot licaji Vi/c cfuilfi 1)(. fo}l<»we<| ovf-r a pi'riod of ye;ir,s. 

1 felt that tljerc -.v.-is cojisidcrable dirfereiicc of ojiinion amottg 
mefxberK of our Hoard with respect to the interpretation of t!Hinr!ur.s. 
Aceorditiglv. if ' 


future .study is done, I believe yUtridnrds .should he 
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agreed on in an early 'skull session’ in which criteria could be agTeed 
upon. 

"I commend the study especially for its educational value to mem- 
bei's of the Board as well as to visiting house officers.” 

RECOMJIENDATIONS 

It is my opinion that in this region of the countiw tlrfe number of re- 
claimed men of draft age was great enough to make the undertaking- 
worth while. The relatively low incidence of vahuilar lieart disease is in 
striking contrast with the experience in tlie other four cities where 
similar examinations were conducted. 

If a sufficient number of qualified cardiovascular examiners were 
available, similar surveys could be made in all the larger centers of 
population in the country. However, it is my opinion that enough quali- 
fied examiners could not be recruited at this time to make these examina- 
tions. Alternative plans would be (1) to strengthen the staffs at the in- 
duction centers by the inclusion of highly qualified specialists in this 
field and other fields, or (2) to use the services of cardiovascular 
specialists wherever possible as consultants for the induction centers. 
There is apparently a reservoir of men who have been placed in the 4P 
category by the examiners at the local board with or without the advice 
of Medical Ad\dsory Boards, and, unless they are re-examined by com- 
petent physicians, these men will remain in the 4F category indefinitely. 

It is the hope of our special examiners that we may be able to follow 
some of the groups of subjects who had conditions of unusual interest. 
We would like to know more about the subsequent course in patients 
with hyiiertension and tachycardia. We are interested in the psycho- 
logical a.spects of both of these problems. In .sulijects avIio have border- 
line conditions and are accepted for full military service, it would be 
desirable to have the serial numbers of these men so that we may be 
able to follow their course in the years to come. The serial num- 
bers could be affixed to our records and follow-up studies could be made 
through the special examiners who have ijarticipated in this study. A 
number of our subjects who had borderline tachycardia or hypertension 
have been accepted for service, which increased our percentage of 
(hose placed in the category of lA, whereas in other studies a number 
of these Avere probably excluded from sei-A’ice. I am of the opinion that 
those Avith slight hypertension probably Avill make better soldiers under 
trymg and difficult conditions than the aA^erage, Avhereas those who had 
effort sjuidrome oi- neuroeireulatory asthenia probably Avould deA^elop 
the picture of so-called shell shock at the first opportunity. 

All those physicians aa'Iio participated in our examinations on a 
voluntary basis did so gladly and AAuth a fine spirit of cooperation. 
Those Avho received compensation for their serAuces likcAA’ise devoted 
themselves Avholeheartedly to their tasks after long and arduous days 
at the hospital. 



A DETAILED A^LUA^SIS OP THE ELECTEOCARDIOGRAjMS 
OF 500 R.C.A.F. AIRCREW 

' Squadron* Leader C. B. Stewart and 
Flight Lieutenant G. W. ]\L\nning 


I N A previous report" a gross analj’sis was luade of the wave complexes 
and time relationships of the electrocardiograms of 2,000 Royal 
Canadian Air Force aircrew between the ages of 18 and 32 years. The 
present report contains a more detailed analysis of an additional 500 
electrocardiograms .showing the variation in form, amplitude, and time 
relationshijis of the wave complexes. 

The characteristics of the normal electrocardiogram are described 
in most textbooks or physiologic ti’catises on cardiology, hut the au- 
thors differ .somewhat in their definitions of the degree of variation 
to be expected in healthy individuals. Almost all of them set definite 
limits for the so-called “normal range” of amplitude or duration of 
each complex or interval. Occa.sionally, these standards are based on 
the study of a small number of electrocardiograms, or are admitted 
to be arbifT-ary, but more frequently the number of individual records 
is not stated. An exact determination of the range of amplitude or 
duration of certain complexes is largely of academic intere.st, but the 
establi.shment of significant standards for the complexes or intervals 
which are of chief diagnostic aid is of considei’able practical importance. 


In textbooks published within the last ten years, the limits of the 
normal P-R interval are variously defined as 0.12 to 0.18 second by 
Lewis;'’ 0,18 to 0.1 (i second with 0.21 second as the extreme limit of 
normal by Wright 0.12 to 0.20 second by White,’® by Graybiel and 
W hite,^ and by lilaher and AVosika ]e.ss than 0.20 second by Waster® 
and by Carter,® and with upper limits varying from 0,1 G to 0.21 second 
depending upon body size and the heart rate by Ashman and Hulk’ 
The normal limits of R wave amplitude in the lead .shoiving the 
greatest deflection are described as 4 to 16.5 ram. in 52 normal adults, 


by Lewis 5 to 35 mm. by AVldte,’® and by Graybiel and White 4 to 
22 mrn. by Ashman and Hull 7 to 15 mm. by ^raster,'-' and 5 to 20 jnm, 
arbitrarily aci-cpted as the nonual range by the Critei-ia Committee of 
the New A ork Heart Association® and by Alaher and AVosika,’’ 


Lewis .slatf-.s that the P wave is always ])ositive in normal young 
adults in all leads, but A.shman and Hull’ report that a negative P wave 
occurs normally on rare occasions in Leads I ami 11. and that a nega- 
tive or dipha'^jc F, occih's in 4 to 5 per cent of normal records. AVliitg’® 
states that in.e.siciu of the I wave is abnonnal in Lead I, except in 
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congenital dextrocardia,, and always in Lead 11. Carter- also defines 
a negative P 2 as a definite abnormality. 

"White, in 1931, stated that and To are always upright in normal 
electrocardiograms unless the record is taken during forced respira- 
tion, but later, in 1911, he found, with Chamberlain and Craybiel,^^ 
that inversion of the T waves in Lead 11 may occur normally as the 
result of positional and sympathetic nerve effects. Ashman and HuU^ 
report a few eases in which To was inverted in the absence of heart 
disease. 

Similar and even more marked discrepancies occur in the definitions 
of deviation of the electrical axis of the heart. White^- defines the 
normal axis de^dation as 0 to 90 degrees when plotted on the Einthoven 
triangle. The Criteria Committee of the New York Heart Association^ 
set 30 to 90 degrees as the normal range when their standards are 
expressed in the same scale, while Ashman and HulP define the limits 
of normality as 40 to 90 degrees. 

When* a limited group on either side of the average is labeled the 
‘‘normal range” for the amplitude or time interval of any electro- 
cardiographic complex, the inference is that measurements outside that 
range are abnormal, although in practice they sometimes do not indi- 
cate any definite cardiac abnormality. Different methods have been 
used by different cardiologists in setting the limits which they de- 
scribe as the normal range. Few VTiters define the system which they 
follow, but it is obvious that two are used. By some, the normal zone 
is so widely defined as to include some borderline abnormals as well ; 
by others the zone of greatest distribution is accepted as the normal, 
excluding the more extreme and less frequent normal variations. With 
the wide range, one would correctly label as abnormal any measure- 
ments beyond the established limits, jirovided the standards had been 
based on a true random sample of the normal population, and adequate 
provision had been made for chance variation beyond those observed 
limits. In many reports, however, no statistical tests have been ap- 
plied to determine the chance variation bej'-ond the limits recorded in 
that particular series of observations. With the narrower definition, 
certain borderline normal electrocardiograms will be incorrectly placed 
in the abnormal class. Obviously, the narrower the limits are made, 
the more cases will be wrongly excluded from the normal group. 

In some instances, limits of normality are defined but at the same 
time completely disi’egarded. ' For example, it seems paradoxical to 
state, as one writer does, that the upper limit of normality of the P 
wave is 1, 2.5, and 2 mm:, in the three standard leads respectively, and 
to follow this with a statement that the increase in height beyond these 
limits is not an adequate basis for a diagnosis of abnormality. 

It would probably be preferable to eliminate the use of the terms 
“normal” and “abnormal” and to accept such terms as “of no sig- 
nificance,” “of .slight significance,” or “of definite significance,” de- 
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pending upon the degree of deviation from the average picture. In 
practice, the cardiologi.st as.se.sse.s the clinical importance- of ain- elec- 
trocardiographic peculiarity on thi.s basis, coirsidering both the degree 
<tf aberration from the so-called normal range and the pre.scncc or 
absence of a.s.sociatcd clinical, radiological, or other electrocardiographic 
abnormalities. In the absence of other findings, an electrocardio- 
graphic mea.surement slightlj* beyond Avhat is usually accepted as the 
normal range is considered of slight significance, such as a P-E interval 
of 0.22 second. However, a P-E interval of 0.40 second, which is defi- 
nitely beyond thi.s range, may alone he considered of diagno.stic sig- 
nifieanee. 

There is undoubtedly an overlapping of the. normal and abnormal 
in the electrocardiogram as in nio.sl measurements relating to human 
pliy.siology. and the setting of exact limits of normality is impo.ssible. 
After an attach of rheumatic fever an individual may have had an 
increase in the P-E time from 0.14 to 0,20 second due to an organic 
interference M'ith the conduction meehauisrn. while a normal individual 
occasionally may have a P-E interval of 0.22 second with no history of 
cardiac illness, no clinical abnorinalitie.s. and no sequelae to suggest 
heart di.sease. Eather ihaii accepliug one rigid standard in preference 
to another, it seems desirable, therefore, to set the extreme limits of 
normal beyond wbieh no normal electrocardiogram would he expected 
to occur and to provide some index of the po.ssibility of normals or 
ahnonnals occurring at various levels below 1he.se limits. 


In thi.s report, data are presented to show the vai'ialion to he ex- 
pected in the electrocardiograms of a eoni])aralively large grou]) of 
healthy young male adults. By use of the standard deviation of the 
mean, in numerical data conforming to the normal curve of di.strihu- 
tion, Die limits can he determined at whic'h deviations from the aver- 
age become slighth' or definitely significant. If three times the .stand- 
ard deviation is added to. ov .suhlraelcd from, the average measure- 
ment. the upijer and lower limits of the distrihution are obtained with 
an error of approximately 0,3 per cent. In other v.-ords. there would 
bo only about three ehanees in a thousand of findin'r a measurement 
irreater than the upper limit or less Ilian the lov.er limit in the elcctro- 


cardiotrram of a healthy man of this age group. One would be well 
justified, then, in enlline abnormal any measurement which fell beyond 
three tunes Die standard deviation. By addiinr or .subtracting i^vice 
the standard deviation, one obtains Die limits which may be accepted 
as those of prae!i'-a! significance. Less than o per cent of normal elec- 
trocardiotrraphie measuremenfs will fall above or below these limit.s. 
If a rneasurement fails berv.-een two and three times the stamlard de- 
viation, one ■vyoubi have to be particularly careful to .seek corroborative 
dsnieal or other data lo-fore eon.siderijitr the o|eetj-oeardiograpbic find- 
ing signifeafit. Thi.s metliori give.s information as to Die full limits of 
the normal range, and the iimit.s in whi<rh eojTohr.raf ive evhlenee is 
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necessary to determine significance. It also permits an estimate of the 
chance of error in calling a borderline electrocardiogram normal or 
abnormal. Calculation of the standard error of the mean gives an 
indication of the degree of error in accepting the mean of this series 
of five hundred as indicative of the mean of an nnlimited group of 
normal young men. 


JIATERIAL AND METHODS 

The present series of electrocardiograms Avere taken on 500 R.C.A.F. 
aircrew trainees hetAveen the ages of 18 and 32 years, the majority 
being betAveen the ages of 18 and 26 years. All had passed the stand-, 
ard R.C.A.F. medical examination for “Fitness for Flying” at a re- 
cruiting center, and had had a complete medical recheck at the time 
that the electrocardiograms Avere recorded. In addition, those Avho 
showed questionable or definite electrocardiographic abnormalities AA^ere 
again rechecked clinically and, in many eases, by further electrocardio- 
graphic records. Although x-ray plates had lieen taken on all indi- 
Auduals on enlistment, additional plates Avere taken in inany eases to 
recheck cardiac measurements. 

A portable Cambridge (English) electrocardiograph Avas used, mak- 
ing a record on a single film of five seconds’ duration for each of the 
three leads. The subject rested for approximately five minutes in the 
recumbent position before the recording Avas made. The three stand- 
ard leads Avere used, the deflection of the galvanometer string being 
standardized before each lead (1 cm. - 1 mv.). Measurements of the 
amplitude of AvaAms Avere made to the nearest 0.2 mm, from the toji of 
the base line in positive waAms and from the bottom in negative Avaves. 
Time intervals Avere measured to the nearest 0.02 second along the 
bottom of the base line for p.ositiA^e Avaves and the top of the base line 
for negathm AvaAms. The repetition of those records Avhieh shoAved 
various abnormalities provided a check on the recording technique and 
shoAved that the records Avere duplicated Avith a high degree of ac- 
curacy in all significant details. 

There had been no change in the medical standards employed in the 
selection of this group and of the 2,000 Avhose electrocardiograms Avere 
preAnously reported, nor in the age grouping of the men. 

A comparison of the data obtained in the analysis of the electro- 
cardiograms of the present series and the preAuous group of 2,000 is 
shoAvn in Table I, 

There are no statistically significant differences betAveen the tAvo 
groups in the aboA’-e measurements nor in other measurements made 
according to the same standards of accuracy in both series. It maj^ be 
concluded from the close similarity of the data in the tAvo groups, that 
the series of 500 is as representathm a sample of the aircreAv popula- 
tion as the larger one of 2,000 men. 
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Table I 

COilPAUtSON' OF PkESKN'T 500 ELECTKOCilBBIOGUAMS AVlTH 2,000 PllEVIOUSIA' 

Rei'Okted'; 




.sEiuE.s OF 2000 rxv; | 

1 SEIIIKS 

OF 500 ECO 


NO. 

I'EP. CENT 1 

1 NO. 

PEI! CENT 

Category ] 


27 

1.35 

9 

1.8 

Category 2 


358 

17.90 

06 

13.2 

Category' .3 


1.307 

05.35 

331 

60.2 

CategorV 4 


299 

14.95 

92 

18.4 

Category 5 


9 

0,45 

2 

0.4 



2000 

100.00 

500 

100.0 

Po.sitive P wave 

("Lead I) 

1973 

98.00 

497 

99.4 


(Lead 11) 

1962 

98.10 

497 

99.4 


(Lead HI) 

1581 

79.00 

401 

80.2 

P-R interval he- 

(lycad II) 

1949 

97.15 

484 

96.8 

tween 0.12-0.20 






second 






II w.ave over 5 mm. 

(Lead I) 

1236 

01.80 

311 

02.2 


(Lead IT) 

1964 

98.20 

492 

98.4 


(I^ad 111) 

1468 

73.40 

371 

74.2 

Po.«itivc* T wave 

(Lead I) 

1997 

99.85 

500 

100.0 


(Lead 11) 

1989 

99.45 

499 

99,8 


(Lead III) 

1425 

71.25 

356 

71.2 


Table H 

DiitECTfON' AKi) Amplitude of P Wave 


DIKECTJOV 


AMPLITUDE IN MM. 


LE,\I> 

: POS. 

m 

DI- 

PHASIC 

1 

1 

AB- 

SENT 

MEAN 

A.MP. 

.STAKD- 
AP.D 
DEVIA- 
TION OF 
JfE.SN 

STAND- 

AKD 

KP.r.OK 

OF 

MKA.N 

KIONIF. 

LI.MIT.S 

(±2S.D.) 

HlflULV 
.SIONIF. 
(±3 S.D.) 

I 

497 

0 

0 

3 

0.7 

0.28 

0.01 

0.1 to 1.3 

-0.1 to-tl.5 

II 

-197 

0 

1 

2 

1.4 

0.53 

0.02 

0.3 to 2.5 

-0.2 to 3.0 

m 

401 

48 

41 

10 

0.7 

0.59 

0.03 

-0.5 to -s-l.g 

-1.1 to -f 2.5 


ANALY.SLS OF DATA 

P Wavrs, — Taiile H nIiov/s the direction and amplitude o£ the P 
wave.s in 500 eleetrocardiogram.s. 

N'oue of the reeord.s showed consi.stenlly neirative I* waves in Leads 
I and II, hut oceasional nejiative eoinplexe.s appeared in a few records 
as a re.su If of auricular extrasy.stole.s. Only one record .shoM'cd di- 
phasic P wave.s in Lead II. The P wave was nctrafive in Lead HI in 
forfy-eiLdit records (9.(i per eenf) and diphasic in forfy-one others 
(B.2 per cent). 

The amplitude of the P v.aves of the 500 records followed the normal 
<.u5 tC oi <i!stnhution with }e.s.s than 5 per cent of tlie total fallin^j out- 
■side limits -«e! hy twice the .standard deviation (2.-1 per cent in Lead I, 
4.2 per cent in Lead H. and 2,8 per cent in Lear! HI), Only four rec- 
ord.*; .showed a maximum V v.ave in e.xce.s.s of 2.5 mm. in Lend 11, and 
none liad P waves ol k-s.s than 0.5 mni. in all three h*ads. Hiitrht varia- 
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tioDS were frequently noted in the amplitude of the P wave thi’oughout. 
a lead, and in twelve records this variation amounted to 0.5 to 1.5 mm. 
difference hetw'een the maximum and minimum complexes. In two 
records P 3 changed from a low positive wave to diphasic to negative 
and back to positive. The variations in amplitude Avere probably asso- 
ciated with the respiratory cycle. 

Table III shoAvs the average duration of the P AA-^ave in the three leads. 


Table III 

Dotation of P AVa\^ 


LEAD 

AIEAN P 

TIME 

STANDARD 
DEVIATION 
OP ME.\N 

STANDARD 

ERROR 

OP MEAN 

SIGNIP. 
LIMITS 
(± 2 S.D.) 

HIGHLY SIGNIP. 

LIMITS 
(± 3 S.D.) 

I 

0.08 

0.018 

0.0008 

0.04 to 0.12 

0.03 to 0.13 

II 

0.09 

0.015 

0.0007 

0.06 to 0.12 

0.05 to 0.14 

III 

0.08 

0.018 

0.0007 

0.04 to 0.12 

0.03 to 0.13 


Broad P AvaA^es, defined by the Criteria Committee of the NeAV York ^ 
Heart Association as those of more than 0.10 second, Avere present in 
tAventy records in Lead I, in thirty-seA’^en records in Lead II and in 
tAA'-eHe records in Lead III. Only one of these records shoAved broad 
P AA'-aA'-es in all three leads and ten others in tAA^o leads. The point at 
Avhich P AAmA’-e duration is significantly prolonged Avould seem from this 
series to be 0.12 second. 

Although P AvaA’^es of very Ioav amplitude also tended to be of short 
duration, there was only a Ioav positive correlation of 0.31 in the Avhole 
group betAA^een AvaA’-e amplitude and duration. AYaves of high ampli- 
tude might be either of relatively short duration or sIoav and broad. 

Table lA^ shoAA’S the number of records Avhieh had a rounded, pointed, 
or notched P-Avave summit. 


Table IA'’ 
Shape op P ^Yave 


LEAD 

P ROUND 

P POINTED 

P NOTCHED 

OCC. POINTED 
AVAVE 

I 

466 

15 

17 


II 

417 

49 

27 

5 

III 

419 

38 

19 

4 


The majority of the P AvaVes formed a rounded summit, but a con- 
siderable number of records shoAA^ed a sharp or pointed P AvaA’-e, and 
OA’^er 5 per cent AA^ere notched in Amrying degree at the apex. Pwe 
records in Lead II and four in Lead IH shoAA’^ed Amrying sharp and 
rounded P-AAmve complexes. The notching was not correlated Avith 
extremes of P-AvaA'^e amplitude or duration, nor Avith any other elec- 
trocardiographic peculiarity, and it did not usually occur in all leads 
of a record. 

P-R Interval . — The P-R inteiwal aa^s measured in all three leads 
from the beginiiing of the P AvaAm to the beginning of the QRS com- 
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plex, •whether positive or negative. The average duration was cal- 
culated from these measurements; but, if the interval was borderline 
or prolonged in any lead, allowance was made for an absent or iso- 
electric Q wave as recommended by Gi-aybiel and 'White.'* 

Table V shows the average duration of the P-R interval in each lead, 
the .standard deviation from the mean, and the calculated limits of the 
distribution. 

Tablk V 
P-R IXTEKVAJi 


I, BAD 

mea.vp-k 

DURATIO.V i 

1 

STAKD.VKl) 
PEVIATIO-V 
or SIEAX 

KTAXDAKD 

EKROK 
or MEAN 

.SIGNir, 

lAMIT.S 

(±2s.l).) 

niGHEY KICNir. 

LI Jims 
(±3 s.D,) 

I 


0.02G 

0.001 

0.10 to 0,20 

0.07 to 0.2.3 

IT 


0.025 

0.001 

0.11 to 0.21 

0.09 to 0.24 

III 1 

1 0.15 

0.027 

0.001 

0.10 to 0.20 

0.07 to 0.23 


The incidence of P-R intei-vals of different durations formed a nor- 
mal eui’ve of distribution on either .side of the mean. The average 
duration and limits of the P-R di.stribution were slightly greater in 
Lead H than in the other leads, the limits as set by twice the standard 
deviation being 0.11 second to 0.21 second. However, 1.4 x^^r cent of 
this group of healthy young men had electrocardiograms with a P-R 
interval of moi-e than 0.20 .second in Lead I, 2.2 per cent with P-R 
greater than 0.2] second in Lead II. and 1.8 per cent with P-R greater 
than 0.20 second in Lead III. Of these, 0.6 per cent had a P-R in 
excess of 0.24 second, the upx>er limits of norma! set by three times the 
.standard deviation of the mean. 

It cannot be stated with ab.solute certainty that these individuals 
with apparently prolonged P-R intervals weie normal, but careful clin- 
ical history and examination and radiological study revealed no evi- 
dence of cardiac disease. It would appear ii-om the above statistical 
data that approximately this number of normal young men might be 
expected to have P-R intervals greater than 0.20 second. IIowe%'er, 
this does m)t prove that these men will not later develop definite evi- 
dence (if cardiac disease a.ssociated with jioor conduction of the cardiac 
impulse. At present, however, thej' arc^ apparently normal, athletic 
young men with Rood cardiac function, and the electrocardiographic 
evidence of i)ro!ong(!d P-R inter%-a! seems tiot to be significant. 

The four men whose electroeardiogj-ajihic records .showed P-R intcr- 
Yfils of more than 0.24 .second were also apparently normal young men 
with no abnormality except the long P-R eonduetion time of 0.26. 0.26, 
0.42, and 0.46 .second, respectively. Tin,* eb.s’trcic.'iivJiographie records 
of She.s(‘ men are discii.s.sed more fully in another paper.'* If thc.se 
e.xlreme P-R mea.surement.s are excluded from the .serie.s. the calcu- 
lated mran atid the .standard deviation are not reduced to anv .signifi- 
eant degree. 
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Sliglit depression of the P-R segment below the isoelectric line was 
common hut it exceeded 0.5 mm. in only nine records. It occurred in 
all three leads in six eases and in only Lead IT in three others, and 
probably represented the anrienlar T wave. 


Table VI 
Q-Wave Amplitude 


LEAD 

Q PRESENT 

Q ABSENT 

MEAN AMP. 

OBSERVED RANGE 
(IN MM.) 

I 

143 

357 

0.9 

0 to 4 

II 

290 

210 

1.1 

0 to 4 

III 

305 

195 

1.4 

0 to 6 



Q Wave . — Table VI shows the incidence of Q waves and their aver- 
age amplitude in the series of 500 electrocardiograms. 

The distribution of the Q-wave amplitude was not according to the 
normal curve, and limits set by the standard deviation would be mis- 
leading. The observed extremes are noted in each lead. Pig. 1 shows 
the curve of distribution of the Q-wave amplitude in Lead II, the other 
leads being similar. 

Measurements of the Q wave alone are of little value unless com- 
pared with the maximum R-wave deflection of the same record. A Q 
wave is considered abnormally deep according to the standards of the 
Criteria Committee of the New York Heart Association^ if is greater 
than 15 per cent of the largest QRS deflection in any lead, Qo greater 















510 


AiEERlCAX ItEART JOURNAL 


than 20 per cent, and Q, greater than 25 per cent. The.se criteria do 
not liold in electrocardiograms showing a higli voltage of the QBS 
group or for Leads II and III if there is right axis denation. In defin- 
ing a deep Qa, Pardee’” also excluded records which had ari S wave in 
the QRSa complex. 

The distribution of the percentage relationship of the Q waves pre.s- 
ent in Lead II to the maximum R is shown in Pig. 2. In the otlier lead.s 
the distribution was almost identical. 

The majority of the records had a Q-wave amplitude which was le.ss 
than 10 per cent of the maximum R, but a small number exceeded 20 
per cent. Table VII presents data on the Q waves which .showed a higli 
percentage relationship to the maximum R. 


Tabi,e VTI 
Deep Q Wave.s 


RECORD 

XO. 

MAXI- 
MUAf j 
R AA’AA’E 

Q AVA 

LEAD 1 


jffiQIIII 

PERCEXTAOE 
REEATION' OF 
Q AVAVE TO 
MAXIMUM R 

.VORMAL 

IJMIT.S 

AXIS 

DKVIATIOS' 

(degrees) 

fi WAVK 
(AMP.) 

1 

E, 9 

2 



22.2 

15 

60 

2.5 


Eai 

2 



18.2 

15 

19 

3 . 


El 12 

3 

] 


25.0 

15 

3 1 

2 


E.13 

4 



30.8 

15 

40 

0 


El 12 

2 



IG.G 

15 

10 

0 


E. 8.5 

1.0 



17.7 

15 

30 

1 


11,18.0 


4 


22.2 

! 20 

95 EAD 

0 





0 

.33.3 

25 

95 EAD 

0 

8 

E,19 

1 

4 


21.0 

20 

95 EAD 

4,5 





5 

2C.3 

25 

95 EAD 

1 

9 

E, 11.0 



3 

26.1 

25 

87 

0 

10 

E, 9.5 



3.5 

30.8 

25 

65 

0 

11 

E,12 



3.5 

29.2 

25 

87 

0 

12 

E, 7 



2 

28.6 

25 

.38 

O 

i:i 

E, 5 



1.5 

i 30.0 

25 

15 

1 

14 

E, 7 



2 

28.0 

25 

97 EAD 

i 0 

15 

E, 17 



4.5 

26.5 

25 

93 EAD 

0 

1C 

Rj 8.0 



3 

35.3 

25 

59 

» 0 


O'his table .shows tliat six records had Q, wave.s whicli were more 
than 15 per cent of the maximum E. Two '"'aves Avere more than 20 
per cent of tlie maximum R. In Lead 111 ten records .showed a Q wave 
wliicli was more tlian 25 per cent of the greatest R amplitude. Two of 
these records had deep Q wave.s both in J^eads LI and HI. None .showed 
deep Q waves for all leads. None of the electrocaidiograms had high 
voltage QRS, but four lajcords .shoAvc-d a right axis deviation and Averc 
therefore excluded from the deep Q Avave group by definition. Two 
otliens had borderline axis deviation of 87 degree.s, but Avere included 
as deep AA'aves. Two records Avhich had S Avaves in Lead III Avould 
also be ex<;luded according to Pardee’s .standards. Only twelve records, 
therefore, slioAved deep Q AvaA-es and had an axis deviation AA'ilhin the 
nonnal range. In these cio.e.s lliere Avere no other significant elcetro- 
cardiographie abnormalitie.s and tlie men were elinieaily normal in all 
respect-s. 
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R Waves . — The positive deflection of the QES complex was considered 
as the R. wave whether larger or smaller than the negative deflections. 
In a few records with more than one positive deflection, the maximum 
wave Avas included in this series as the R AvaAm. 

Table YIII shoAA’^s the aAmrage amplitude, standard deAdation, and 
range of the R AvaAm. 



Table A^II 


E-AVave Amplitude 


LEAD 

MEAX 

A5IPLITXJDE 

STANDARD 

DEVIATION 

OF MEAN 

STANDARD 
ERROR OP 
JIEAN 

SIGNIP. 
LIMITS 
(± 2 S.D.) 

PER CENT 
ABOVE OR 
BELOW 2 S.D. 

I 

6.6 

2.7 

0.12 

1.2 to 12.0 

3.8 

II 

14.1 

4.0 

0.18 

6.1 to 22.0 

5.0 

III 

9.3 

4.7 

0.21 

0.0 to 18.7 

1.2 


TAAm records had no posithm AvaA'-e in the QRS complex in Lead III. 
In the other leads R Avas present in all records. An R AvaA^e of less than 
5 mm. amplitude occurred in 131 records in Lead I, in 7 records in 
Lead 11, and in 103 records in Lead m. A number of these occurred 
in conjunction AAuth right or left axis deAdation, but there Avere a large 
number of records Avith normal axis deAdation AA-hich shoAved Ioav volt- 
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age of the B wave in Leads I and III. Only one record had E waves 
of less than 5 mm. in all three leads. On the other hand, 27 records in 
Lead II and one in Lead III .showed an K wave in excess of 20 mm,, Ihe 
arbitrarily accepted .standard of normality. The curves of distribution 
of the R-wave amplitude in Leads I and III ai’C slightly skew, but in 
Lead II the distribution is normal. It is .suggested from this curve 
that the upper range of significance might be set at 22 rnm,, and the 
lower at 6 mm. (S.E. ± 0.18) %sith extreme limits of normal of 2 to 
26 mm. 

In fourteen records there were two positive waves in the QKS com- 
plex of Lead III. This u.sually eon.si.sted of a small upright deflection 
of 1 to 2 mm, followed by a negative wave varying in amplitude from 
1 to 8 mm. A second iio.sitive wave of 3 to 10 mm. amplitude was 
sometimes followed by a second negative wave of 1 to 3 mm. In most 
eases the fii'st positive wave was very small and was followed by an 
apparently normal QRS complex. In a few records a small .sharp up- 
stroke of 0.5 to 1 mm. followed the S wave of what appeared to be a 
normal QRS complex. In some electrocardiograms a notching of the 
up.stroke of the R wave near the base gave the appeai-ance of an addi- 
tional positive and negative wave preceding R, but the notch did not 
extend below the isoeleetile line. In throe records with additional 
po,sitive waves there was an a.ssociated right axis deviation, the QRS 
con.sisting of a positive wave of 1 mm., a negative wave of 7 to 8 mm,, 
and a second positive wave of 1 mm. This looked like an inverted 
QRS, but the P and T waves were positive, 

A number of records showed .slight variations in QRS amplitude 
throughout a lead, and two showed a marked change wMth the re.spira- 
toiy cycle from a low notched QRS., of 2.5 mrn., to an nn.splintered 
wave of 6 7nm. amplitude. 

S Wave . — The numbej- of lecords showing S waves and the average 
amplitude ai-e .shown in Table TX. 


Tahoe IX 
.‘^-Wave Amhoiti he 



s }'ia;.SKKT 

S AHKEST 

-Mea.n- 

AJfi't.iTtmt: 

I 

432 

OS 

2.8 

J I 1 

j ,'iS2 

ns 

2.,3 

ITT i 

! 203 1 

2.3.3 

2..3 


S waves w<»ri- present in about lhree-ff>urfh.s of the recoi’ds with a 
mean amplilufle of approximately 2.5 mm. l-lg. 3 shows the curve of 
di.st jibnt ion ol tin; S-wave ampjiludt's in Lead If. Siiice it Is not a nor- 
mal euiwe oi distribution, the liniit.s elidined by the .stamlard deviation 
frotn the mean are not calculated. Maximum S waves of fl to 10 mtii. oc- 
curred in three rccfjrds, but tiie majurity were J to 3 mm. in amplitude. 
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Slwy'ed, Splintered, or Notched QRS . — Tlie QRS complex slioiyed 
A'arying degrees of slurring, splintering, or notching in 13, 4, and 130 
records, in Leads I, II, and III, respeetivel 3 ^ Two of the records showed 
slurring or splintering in all three leads and one in Leads II and III. 
This irregularity occurred nearer the apex of the QRS in some leads 
than in others in the, same record, and would be considered an abnormal 
feature by some standards.^ There was no consistent relation between 
slurring or splintering and other electrocardiographic abnormalities, al- 
though some of these records had a QRS interval which reached the 
maximum limits of normal. The individuals were all apparently normal 
clinically. 

Table X 
QES Interval 


LEAD 

MEAN 

DTJKATION 

STANDARD 

DELATION 

STANDARD 

ERROR 

- 

SIGNIFICANT 
LIMITS 
(± 2 S.D.) 

HIGHLY 

SIGNIFICANT 
LIMITS 
(± 3 S.D.) ; 

I 

0.07 

0.016 

0.0007 

0.04 to 0.10 

0.02 to 0.12 

II 

0.07 

0.016 

0.0008 

0.04 to 0.10 

0.02 to 0.12 

III 

0.07 

0.017 

0.0007 

0.04 to 0.10 

0.02 to 0,12 



QRS Interval . — The duration of the QRS interval is shown in Table X. 
The upper limit of QRS time, in this series, as set by twice the stand- 
ard deviation, corresponds with the usualh’’ accepted limit of 0.10 second. 
None of the records had a QRS time above this limit in Lead I, but five 
exceeded 0.10 second in Lead II, and six in Lead III. There was no 
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clinical abnonnality associated witli the finding of an increased QIIS 
in these cases and this mimher might be expected to occur among nonnal 
young men. A QRS of more than 0.12 second might, however, be con- 
sidered definitely abnormal. 

T ^Ya■ve . — The direction and amplitude of the T wave are shown in 
Table XI. 

Tabu: XI 

Directiox or A-mblitude or T Wave 




niRECTIO.V 




A-AfPEITtlDE 









STAND- 

STAND- 

SIGNIK. ' 

TKR CKN'T 

lUGUfA' 


POS3- 

XKGA* 

T>I- 

AB- 

MEAN 

ABD DE- 

AP.D 

BEYOND 

SIGXIF. 

u;Ar) 

TIVE 

TIVE 

PHASIC 

SENT 

A5IP. 

A'lATXON 

OP 

AlEAN 

i:ei:op. 

OF 

MEAN 

usriT.s 
(± 2 S.D.) 

SIGNIF. 

UMITS 

UMITS 

(±.3S.D.) 

I 

500 

0 

0 

0 

.3.0 

1.0 

0.04 

1.0 to 5.0 

.3.4 

0 to 6.0 

II 

499 

0 

1 

0 

3.8 

1.4 

O.OG 

1 to G.G 

.3.8 


III 

35G 

74 

GG 


0.8 

■a 

O.OG 

-1.4 to 

3.4 

4.2 

-3.1 to 

4,7 


Twenty-eight per cent of the records showed diphasic or negative T 
waves in Lead III, but only one I’ecord had diphasic T waves in Lead II. 
The curve of distribution was a normal one with less than 5 per cent 
falling outside the limits set by twice the .standard deviation, 

1/ Wave . — U waves were present in 250 records in Lead I, in 274 
records in Lead II, and in only 61 records in Lead III. Almost all of 
the XJ waves were of a very low amplitude, the average being approxi- 
matelj' 0.2 mm. 

JIT-ST Seymeni . — The level of the RT or ST segment was measured 
to the nearest 0.2 inm. Avith 7'clation to the post-T isoelectric line. In the 
majority of the records there Avas no measurable elevation or depre-ssion 
of the RT or ST segment. HoAA'e\'cr, 77 records had a slight RT or ST 
elcA'alion of 0.6 mm. in Lead I, and tAvo other records .shoAA'cd a depre.s- 
sion of 0,5 mm, Onl.y one record had an RT elcA’ation of more than 1 
mm. in Lead 1. Fifty-nine records in Lead II had an elcA'ation of the 
RT-ST segment averaging 0.75 mm, FiA-^e of these shoAved an clcAVition 
in excess of 1 mm. (1.5 to 2 mm.). Thirty-four other records .showed 
sliglit depre.ssion of the RT-ST segment of 0.8 mm., none of these exceed- 
ing 1 mm. In Lead III tAA-enty-four records showed an elevation of the 
RT-S7' .segment averaging 0.6 mm. but none exceeded 1 mm. ScA’cnly- 
nine other records sJiowed a .slight depression of the interval of 0.76 mm, 
and three of thec;e Avere 1.5 mm. beloAV the isoelectric line. 

None of these records which .showed a dopj-e.s.sion or elcA'ation of the 
RT-Sr segment exhibited any other .significant electrocardiographic ah- 
sinrniality, and the men AA'cre clinically normal. Slight elevation or de- 
pression of the KT-ST segment of Jes.s than 1 nun. i.s not usually con.sid- 
Mvd signifie.'int- It is possible that the aliove casr-s Avhich slioAA-ed an 
eU-vntion or depression somewhat more than the accepted .standards are 
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also of little significaneej Avhen not associated with T-wave changes or 
other peculiarities in. the electrocardiographic complexes. 

There was considerable variation in the level at which the R or S wave 
began to thicken and slope into the ST segment. In Lead I three records 
showed a slightlj’' high take-off of 2 to 2.5 mm. and two showed a low 
take-off of 1.5 to 2 mm. below the isoelectric line. In Lead II twenty-five 
records showed a thickening and sloping into the RT segment 1.5 to 4 
mm. above the base line,, and four other records sloped into the ST seg- 
ment 1.5 to 2 nmi. below the isoelectric line. In Lead III sixty-three 
records had a high take-off of 1.5 to 7.5 mm. and six with a low take-off 
of 2 to 4 mm. The thickening and sloping of the R or S wave was not 
associated with a significantly elevated or depressed RT-ST segment al- 
thongh minor degrees of elevation or depression were frequently asso- 
ciated vdth the high or low take-off. 

In most records the upstroke of the R wave was quick and sharp but 
in eight records with no Q wave the R wave was thickened and sloping 
from the PR interval for a height of 1 to 2 mm., and in one case, 6 mm. 

Q-T Time . — The Q-T time was measured from the beginning of the 
QRS complex to the end of the T wave. Table XII shows the average 
duration in 500 records ^vithout reference to heart rate. 


Table Xn 
Q-T Time 


LEAD 

MEAN Q-T 
TIME 

STANDARD 

DE\TATION 

OP MEAN 

STANDARD 
ERROR OF 
MEAN 

SIGNIF. 

LIMITS 

highly 

SIGNIF. 

LIMITS 

I 

0.33 

,0.03 


0.27 to 0.39 

0.24 to 0.42 

n 

0.34 

0.03 


0.28 to 0.40 

0.25 to 0.43 

III 

0.33 

0.03 


0.27 to 0.39 

0.24 to 0.42 


The above figures give some indication of the range of Q-T time but 
consideration must also be given to the relation of this interval to the 
heart rate. The Criteria Committee of the New York Heart Association^ 
state that a cor rection for rate can be made by the formula Q-T = 
K V cycle length and that the Q-T interval is regarded as prolonged if 
K exceeds 0.392 in men. Table XIII shows the mean K values and range 
of distribution in this group of 500. 


Table XIII 

Corrected Q-T Time (K Value) 


LEAD 

MEAN K 
VALUE 

STANDARD 

DEXTATION 

OF MEAN 

STANDARD 
ERROR OF 
MEAN 

SIGNIF. 
LIMITS 
(± 2 S.D.) 

HIGHLY 

SIGNIF. 

(±3 S.D.) 

I 

0.38 

0.03 

0.001 

0.32 to 0.44 

0.29 to 0.47 

II 

0.38 

0.03 

0.001 

0.32 to 0.44 

0.29 to 0.47 

III 

0.38 

0.03 

0.001 

0.32 to 0.44 

0.29 to 0.47 


This table shows that the upper limits of the range of the corrected 
Q-T values are considerably higher than 0.392 in this group of young 
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men. In Lead 1. 142 i-ceords, in Lead II, 197 i-eeords, and in Lead III, 
158 records liad a corrected Q-T lime of 0.40 second or fjreater, wliile 
approximately 2 per cent of the record.s had a corrected Q-T time in 
excess of 0.44 second. 

A rift DrvinHon. — Se])arate calculations were made of the axis devia- 
tion of each elect roeardio"ram on mimeographed duplicates of the Ein- 
thoven triangle illustrated hy White.’^ ^lathematical calculations on a 
large number of record.s .showed that the margin of error hy this method 
was le.ss than 5 degrees. 

Table XIV classifies the records according to the degree of axis 
deviation. 

Table XIV 
Axis Deviatiox 


KAXGE of vVvIS 

DE\UATIOX 
(i)Er,KEi:.s ) 

XIUMBEIi OF 

BEconas 

Let-s tlian 0 

22 

0 to .'{0 

22 

rn to SO 

4U 

Over 90 

42 


By certain standards, only 22 records would be considered as left axis 
deviation, and, by others, 44 record.s. P’oity-two showed i-ight axis devia- 
tion. The mean axi.s deviation of the whole group was 65 degrees with a 
standard deviation of ±29 degrees and a standard error of ±1.3 degrees. 
The measurements of axi.s deviation wei'c distributed essentially in a 
normal curve on either side of the mean with a slight scattering of .some 
relatively large left axis deviation mea.surements. 

The limits .set by twice the standard deviation were 7 to 123 degree.s, 
and only Tj per cent of the records fell outside this I'ange. The limits 
set by three times the standard deviation were -22 degrees to 1.52 
degree.s. Only one record fell above the upper limit of this range, iml 
2 per cent of the I'ceords v/ere le.ss than -22 degi'ces. The.se electro- 
cardiograms .shov.'ed no significant characteri.stics other than the 
marked left axis deviation, and tlie men v.'cre all phy.sically fit. 

Lxtvn.si/.itohf !. — Nine record.s of this grouji showed occasional ventricu- 
lar extra.sy,slol(.*s and three had auricular extrasystoles. Tlie recording 
oi extrasyslo!(-s is largely a matter of chance depending uyion their fre- 
fpiency and the length of the record. In the .short records taken in this 
series, the aho\‘e figure.s on ineiilenee are quite without significance, 
'Jiiere were no clinical findings of note in the men who had extia.systoles 
and no oilier con.sislenl <*h;i'lrocardiographie pccnliaritifsi. 

ni.scE.S-siox 

Although the human e]ectr<»cardiogram i.s relatively con.stant, it .shov.s 
considerable v.anmion with respect to the iiurnbcr of defiections and their 
amjilitudf! and time relation.s. Ceiiaiii of these ehai'acteristics of lh(r 
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electrocardiogram liaA’e been definitely correlated with cardiac abnor- 
malities. Others are said to occur more frequently in abnormal than in 
normal hearts, but cannot alone be considered of diagnostic significance 
in a cardiac examination. The present group of 500 electrocardiograms, 
which was closelj’- comparable to a previous group of 2,000, show the 
range of variation in healthy young aircrew trainees. Of this group of 
physically fit young men, 18 per cent had peculiarities in their electro- 
cardiographic records, which placed them in the doubtful or definitely 
abnormal categories according to present standards. An additional 
number of records showed less important variations from the defined 
normal, such as, extremes of wave amplitude, negative P waves, extra- 
systoles, etc. "When 15 to 20- per cent of normal healthy young men 
have electrocardiograms which fall in the abnormal class, the defini- 
tions of electrocardiographic abnormality require revision, or a careful 
study is needed to determine whether these same men may later de- 
velop cardiac disease. Since the number of apparently abnormal elec- 
trocardiograms is so great in young men showing no clinical evidence 
of cardiac abnormality, and since Ave haAm insufficient experience by 
Avhich to judge the significance of Amrious types of electrocardiographic 
abnormality in dying personnel, the present system of selection, in 
Avhich the electrocardiogram is used only as confirmatory evidence in 
cases shoAAung doubtful clinical evidence of heart disease, seems Avell 
justified. A definitely abnormal electrocardiogram alone is not con- 
sidered sufficient to exclude a man from a flying category if he is fit 
clinically. HoAveAmr, further experience may shoAv the desirability 
of taking the electrocardiographic abnormality alone as cause for re- 
jection in certain cases. Since 18 per cent of these men shoAA^ed definite, 
if not diagnostic, abnormalities according to present standards, at least 
an equal number of the men who later claim pension for cardiac dis- 
abilities might be expected to shoAv similar findings, and an earlier 
record Avill be of great aid in eAmluating the significance of the electro- 
cardiographic findings. Routine enlistment electrocardiograms Avould 
also be of assistance in confirming the diagnosis Avhen electrocardio- 
graphic changes had developed during the period of service. 

The limits of amplitude set by tAvice the standard deAuation above 
and beloAA’’ the mean, corresponded closely Avith preAUOUsly accepted 
standards in the case of the P AvaA^e, the upper limits being 1.3, 2.5, and 
1.9 mm., in Leads I, II, and III, respectively. HoAveA^er, 3 to 4 per cent 
of the group shoAved amplitudes above these limits, with 3 mm. as the 
maximum limit in Lead II. Consistently negative or diphasic P AvaA’-es 
occurred slightly less frequently in Leads I and II of this series than 
in the group of 2,000 aircreAv preAuously studied, Avhere they Avere 
noted in approximately 1 per cent of the records. Three additional 
records shoAved occasional negatiAx P AvaA’^es in auricular extrasystolic 
complexes. All these negatiAm P AvaAms occurred in the records of 
perfectly normal men and probably camiot be considered of any sig- 
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niljcanee from a clinical standpoiul. Negative and dipliasic F waves 
occurred in Lead III in IH per cent of electrocardiographic records 
l)oth in this group and in the previous 2,000. This was a considerahly 
larger nundjcr than the 3 to 5 per cent reported by Ashman and Hull.' 
Notching of the F waves occurred with such fi’cquency in normal rec- 
ords that it is probably of little significance. 

The limits of P-Il duration as .set by twice the standard deviation 
above and below the mean were 0.11 to 0.21 second in Lead 11. The 
duration was slightly longer in Lead II than in the other leads. Five 
per cent of this group of young men had electrocardiograms with F-R 
intervals Ijeyond this range, half of them showing a ])rolonged F-R in- 
terval by present standards and half a short F-R interval. It cannot 
be stated positively, of course, that those men with a F-R interval 
!)eyond 0.20 second were absolutely normal, or that they will not later 
.show clinical evidence of cardiac disease. However, it can be said that 
careful clinical and radiological examinations on repeated oeea.sions 
have shown no significant abnorinalitie.s, and that all of the men had 
cardiac function efficient enough to permit strenuous physical effort 
in drill and .sports. This is equally true of the few men w'ho had F-R 
over 0.24 second, as of those betAveen 0,21 anrl 0.24 second, but one 
must look with somcAvhat more .suspicion on a record with a J’-R 
greater than 0,24 second since they arc likely to occur only about three 
times in a thousand normal individuals. 

The significance of a deep Q wave in the absence of other electro- 
cardiographic abnormalities is not clear. Fardce and Friee” list it as 
one of the abnormal chaiact eristics of the ventricular complex which, 
they show, are related in a la?-ge percentage of cases to pathologic 
changes of the myocardium or to the anginal .syndrome.'" Two to 3 
j)er cent of the group of five hundred showed deep Q waves accordinc 
to present standards with no clinical or other evidence of cardiac di.s- 
funetion. A follow-up of the.se ea.se.s may prove of interest. 

The liniit.s of R-wave amjdilude in this group correspond clo.sely to 
pre.senf .standard.s. A range of 0 to 22 mm. includes h.o per cent of the 
group, and 2 to 2(5 mjii, constitutes the extreme limits Avith only occa- 
sional measurements extending beyond tins range in normal young 
men. 

The treqneiKw distribution of the Q and wave.s differs considerably 
irom the normal curves evidenced by other complexes and time inter- 
vals. Both appear like half of a normal curve with maximum incidence 
at zei'o. The giM'atest ampliludc of the Q wav(; was aj)pio.xima1ely 4 
?nrn., and that fif tlir* B '.vave, i) mm. 

.Slurring or notehin '4 of the QRS complex occurred with such fre- 
queney iri I.end HI f2(| per cent) in these records that it cannot be 
considered of nmeh sii'nifieniice. 1{ .al.so oeeur.s in apjjroximalely 3 
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per cent of records in Leads I and II without anj’^ definite correlation 
with other electrocardiographic abnormalities, although a few cases 
occurred Yuth a borderline or slightly widened QRS interval. It is 
stated that records Avith a splintering or slurring in tAVo leads, one 
nearer the apex than the other, is indieatiA'e of an abnormality. Some 
of these records shoAved this characteristic, but the percentage of the 
total group Avas small. 

FeAA^er negatiA^e or diphasic T Avaves Avere noted in Leads I and 11 
of this series of 500, than in the 2,000 men previou.sly studied. Hoaa"- 
eAmr, an examination of this characteristic in a further group of 2,000 
records taken after the present 500 again shoAved that 0.5 to 1 per cent 
of the records had iiegatiA’e or diphasic T AvaA’-es in Leads I and II. 
A number of these records are discussed in a later report.® 

As in the ease of the apiiarently prolonged P-R intervals, it cannot 
be stated Avith certainty that the indmduals shoAviug negative or di- 
phasic Tj or T„ haA^e normal hearts, but there Avas no clinically deter- 
mined abnormality in any of them and they made an excellent physical 
response to etfort at the time these records AA'^ere taken. Electrocardio- 
grams of this type Avere found in the youngest men of the group as 
Avell as among those OA'er 25 years. 

The likelihood of coronary occlusion occurring in young men beloAv 
25 years of age is debated, and the significance of electrocardiographic 
characteristics usually considered typical of impaired or decreased 
coronary blood floAv is also in doubt. One airman, not in this series,® 
had negative T Avaves in Leads I and II, and later died, after a period 
of active flying service overseas, of A\diat Avas diagnosed as “acute 
heart failure.” Others AAdio shoAved this electrocardiographic charac- 
teristic are being carefully folloAved up to deteianine AALether the inci- 
dence of coronary lesions may be higher than in other groups.® It is 
probable that, eA'en in young men of apparently excellent health and 
physical condition, persistently negative T Avaves in Leads I or II may 
be sufficient eAudenee of disturbed cardiac function to justify elimina- 
tion from aircrcAv training. There Avere no consistent changes in the 
RT-ST segment in the records shoAving negative T Avaves, but, as has 
been mentioned, a small number of other records shoAved an elevation 
or depression slightly greater than the standard limit of 1 mm. It may 
be that this limit should be increased to 1.5 mm. before being con- 
sidered significant, but the men AAdio had electrocardiogi-aphic records 
Avith an RT-ST segment aboA'e or beloAv the 1 mm. limit are being 
folloAved up to determine Avhether any clinical evidence of cardiac 
disease may deAnlop. The range of amplitude of To AA^as 1 to 6.6 mm. 
as set by tAvice the standard deviation, and 0 to 8 mm. as set by three 
times the standard deAdation from the mean. This suggests that the 
usuaRy accepted standard of 6 mm. as an abnormally high amplitude 
might be reAdsed upAvard to 8 mm. since 3.8 per cent of these normal 
young men had T-aa^a'c amplitudes in excess of 6 mm. 
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In this group, the average duration of the electrical impulse result- 
ing from ventricular systole urns 0.38 second as measured by the Q-T 
time corrected for variations in cardiac rate. The range of the cor- 
rected Q-T period extended to 0.44 second, and almost 4.0 per cent of 
the I’ocords exceeded the standard of 0.392 second, which is at present 
accepted as the upper limit of normal. 

A relatively large number of records showed right or left axis de- 
viation, 17.2 per cent according to the standards of the Criteria Com- 
mittee of the New York Heart Association,^ which set 30 to 90 degrees 
as the limits of the normal range. Aeeording to White’^ the normal 
limits arc 0 to 90 degrees, and by this method a right axis deviation 
is present if Sj exceeds R,, However, left axis deviation is present 
only if Sa exceeds R;, to a more marked extent a:id R, minus B, is 
also relatively large. When the methods defined by the Criteria Com- 
mittee are used, both right and left axis deviation seem to be mea.sured 
by the same standards since an even slightly greater than R.t then 
places a record in the left axis deviation group. It would appear, how- 
ever, from the present analysis, that the normal range should be 
widened in the direction of the right axis deviation rather than nar- 
rowed from the left axis side to 30 degrees. A range of 0 to 120 
degrees would include all but 5 per cent of normals, and the limits 
of -25 to -rloO degrees would be necessary to include all but 0.3 per 
cent of the normals. 

This does not mean that all mea.surements of the deviation of elec- 
trical axis within these ranges will be normal, but that the observer 
who slates that they are abnormal without additional proof will have 
to accept the rc.sponsibility for at least a 5 per cent chance of error 
if the measurement is beyond the 0 to 120 degree range, and up to a 
20 per cent chance of error if he accepts the 30 to 90 degree range. 
Of course, he may be perfectly willing to do this. Any observer can 
select his own standard of accuracy. However, when the limits are 
as narrow as those referred to above, i.e.. White 0 to 90 degrees. Cri- 
teria Committee of the New York Heart Association 30 to 90 degrees, 
and Ashman and Hull 40 to 90 degrees, the observer must reali/.c that 
he will he wrong in his decision as to normality or abnormality in 15 
to 25 per cent of the case.s. As has already been pointed out. the 
group of men showing left or i-ighl axis deviation was clinically normal 
in all respects in .so far as could be determined. 

'I here are two definite types of .so-ealled axis deviation, an apparent 
deviation in whi<'h the position of the heart is changed in its relation 
to the hypothetical triangle representing the three electrocardiographic 
leads. Changes can be made to oceur in axis deviation by postin-e or 
respiration, rotating or mo%-hig the heart, with relation to thi.s triangle. 
In some ea.ses, too. the lieart may be fixed in the chest so as to give the 
same efTeet as a change produced by deej, in.spiration, as in a tall, 
narrow-chested peison. Thi.s typo of eleefrocardiogram cannot- be 
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considered as abnormal even if the axis deviation goes well beyond the 
accepted normal limits. The second type of axis deviation is definitely 
abnormal. In this the alteration of wave complexes is iiroduced by a 
definite right or left ventricular hypertrophy or by bundle branch 
block ill which the electrical waves of the two. i^eiitricles are not super- 
imposed in the normal manner. In the former, additional evidence 
of the abnormality will probably be shown radiologically or clinically, 
and in the latter the electrocardiogram will in most cases also show 
a definite conduction defect. Borderline eases, of course, will exist in 
both groups. In the present series of 500 there were no cases which 
fell into the second grouping. All were proven normal clinically and 
radiologically. Although we have no definite evidence of the relation- 
ship of these axis deviations to position of the heart, we must assume 
that the apparent deviations were due to what may be called anatomic 
variations rather than pathologic ones. As is shown in a later report, 
some of these records with axis deviation could be changed to normal 
by a change in posture. 

SUMMARY AND CONCLUSIONS 

A statistical analysis is presented of the complexes of 500 electro- 
cardiograms taken on Royal Canadian Air Force aircrew. The direc- 
tion and mean amplitude of the complexes, the standard deviation 
from the mean and the limits of the distribution as set by two or three 
times the standard deviation is reported for healthy young adult males 
between the ages of 18 and 32 years. 

P Wave , — The upper limits for the P wave, set by twice the standard 
deviation, ivere found to be 1.3, 2.5, and 1.9 mm., in Leads I, 11, and 
III, respectively. Three to 4 per cent of the group showed amplitudes 
above these limits, with 3 mm. as the maximum limit in Lead II. 
Although the majority of P waves formed a rounded summit, a con- 
siderable number showed a sharp or pointed P wave, and over 5 per 
cent were notched in varying degrees at the apex. 

P-R Interval . — The limits of P-R duration as set by twice the stand- 
ard deviation were 0.11 to 0.21 second in Lead II, the duration being 
slightly longer in Lead II than in the other leads. In this group, 5 per 
cent of the electrocardiograms had P-R intervals beyond this range ; 
2^2 per cent were less than 0.11 second and 2 V 2 per cent greater than 
0.21 second in duration. 

QR8 Complex . — Slurring or notching of the QRS, complex occurred 
in approximately 3 per cent of the records in Leads I and II, and a 
few of these occurred with a borderline or slightly widened QRS in- 
terval. In Lead HI this occurred much more frequently and was noted 
in 26 per cent of the records. 

In Lead I, a Q wave was present in 29 per cent of the records, in 
Lead II in 58 per cent of the records, and in Lead III in 61 per cent 
of the reeordsi Two to 3 per cent of the 500 records showed deep Q 
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wares according to present standards. In these cases there v,-ere no 
other significant electrocardiographic abnormalities and the men were 
clinicallj^ normal in all respects. The greatest Q-wave amplitude was 
6 ram. 

The limits for the R-ware amplitude set by twice the standard de- 
viation were 1.2 to 12 mm. in Lead I, with 3.8 per cent beyond this 
range; 6.1 to 22 mm. in Lead IT, ruth 5 per cent beyond this range, and 
0 to 18.7 mm. in Lead III, with 1.2 per cent beyond this range. Tlie 
limits of R-wave amplitude in this group correspond closely to present 
standards. A range of 6 to 22 mm. included 95 per cent of the records. 

In approximately 75 per cent of the reeord.s, an B v/ave was present 
with a mean amplitude of 2,5 mm. The Q and S waves did not .show 
a normal curve of distribution; consequently, standard deviation from 
the mean was not calculated. The majority of S waves wei’c 3 to 3 min. 
in amplitude, with a maximum of 9 to 10 mrn, in three records. 

The upper limit of QRB time, in this .series, set by twice the standard 
deviation, corresponds with the usually accepted limit of 0.10 second. 
In Lead I the QRB intervals did not exceed this limit, in Lead II five 
records had QRB intervals in exce.ss of 0.10 second, and in Lead 111 
six records. 

Axis Deviation . — The limits of range for axis deviation set by twice 
the standard deviation were 7 to 123 degrees, and only 5 per cent of the 
records fell out.side this range. 

T Ware . — The limits for T-wa-vc amplitude set by twice the standard 
deviation were 1 to 5 mm. in Lead I, with 3.4 per cent beyond this 
range; 1 to 6.6 mm. in Lead II with 3.8 per cent beyond thi.s range, 
and -3.4 to 3,4 in Lead III, with 4.2 per cent beyond thi.s range. The 
curve of distribution was nonnal with less than 5 per cent T waves 
outside the limits of twice the .sdandard deviation. Twenty-eight per 
cent of the reeord.s .showed diphasic or negative T waves in Lead III 
but only one record liad diphasic T waves in Lead II. 

JiT-ST Sffjmf.nt . — Elevation of the RT segment greater than 3 mm. 
occurred in Lead I in one record, and in Lead IT in five reeord.s, but 
in Lead III there were no records with an elevation greater than 3 mm, 
Df'prc.«sion oi, the segment greater than 3 mm. was- noted in Lead HI 
only, in tliree records. 

In I^cad I slight elevation of segment 177 records) were much more 
common tluon depre.ssions (two records, 0,5 mm.), whereas in Lead 111 
depression (0,79 mm.) v,-as more frequent 179 records) than elevation 
(24 records. 0.6 mm.). 


CONCLL’.SIO.NS 

3n genera!, it nmy Ix: stated that the range of variation in tiie elec- 


trocardiogr, 
the present 


nns 01 nurmal vuimg .airmen t.s comsiderably greater than 
.staiidard.x 'V{udd lead one to expect, and a relativcK'' large 
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hiimber of records show characteristics which hitherto have been con- 
sidered diagnostic of heart disease. 

Further follow-up studies are rerpiired to evaluate the significance 
of these findings over a period of years. At present, there is no evi- 
dence that a healthy young man should' not be permitted to continue 
flying even if he shows Avhat is now considered to be a definite eleetro- 
cardiograiihic abnormality, although a follow-uii study now being' made 
may show that certain electrocardiographic findings alone should be 
considered as cause for rejection from aircrew. It would seem, how- 
ever, that the value of routine electrocardiograms of service personnel 
may be more valuable for comparative puriioses in future pension eases 
than in primaiy selection, although they are of definite confirmatory 
value in the enlistment examination of a number of men with doubtful 
clinical findings of a cardiac nature. 
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ANAIA'SIS OF THE ELECTROCARDIOGRAMS OBTAINED 
FROM 1000 YOUNG HEAIAHY AVIATORS 
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Ross A. JIcFarlaxd, Ph.D,, 

Lt. Comdr. Donald C. Gaths, M.C., U.S.N.R., and 
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D uring the course of some investigations’ on a group of Civil Air 
Line pilots, the electrocardiographic findings proved to be of more 
than passing interest because of the relatively large number of devia- 
tions fi-om the values generally regarded as being normal. Because of 
their relatively frequent oceuiTence in the records from apparently 
healthy persons, it was not easy to believe that all of these deviations 
declared some underlying cardiac abnormality. The opportunity to 
extend this study came a year later when electrocardiograms were ob- 
tained from a large number of young aviators at the Naval Air Station, 
Pensacola, Florida. Although the primaiy purpose of this study is to 
add to our knowledge of the range of the normal elect I'ocardiogram, 
some attention is also given to an appraisal of the usefuhiess of electro- 
cardiography in aviation medicine. 

.SUBJECTS AND PROCEDURE 

All of the 1,000 subjects were males. Eighty-five were advanced 
student aviators in one of the government sponsored training programs; 
all the ro.st Avere NaA'al Aviatois or Student Naval Aviators. They ranged 
i“rom 20 to 30 years of age, with a mean of 23.7 years. Approximately 
77 per cent were Avithin 10 jier cent of the NaA'v standai'd of height- 
Aveight relationsliii) ; 18.-1 per cent Averc overwciglit, and 4.3 per cent 
underAA'eight. They Avere originally selected for flight training only 
after meeting tlie most exacting physical requirements, and, in addition, 
each subject receiA'od a careful jihy.sical examination at the time our 
studies Avere made. All Avere in good healtli and none had any .signs 
or .symptoms of heart disease. 

All of the elect roeardiograms Avere obtained with the subject in the 
recumbent position and, Avitli a small luimhcr of exeeptions, in the 
basal state. Leads IV F and IV R were obtained in addition to the 

FrfJin th<r T'. S. Nrtv.nJ .Scliool Avititl'jti M<inclr.f;. iv-n.iiavolft, Flon'fDi. and thv 
Gra'inan* Sf.hfwl of Aflminl.xtruti'm Harvanl Uni- 

vifrsUj'- 

Tli!.''- v.-fjrV. v.-irri.-l out utvlcr a, fik-cIjiI ar.-i.ut from Uir- Civil Arronnutlcp A'l- 

miniPlration to tiiv Xalioti;!! Kepi;, -Hi i.'riunt-ll Committu*- on S<-i<-c!lon nti'l Trjilninc 
of Airerjift nn-1 p--rmi.>--“:ion lui!» b«---n obtain-H from ti.ip Committoo to publliili 

the.'.- (fj-ullp. 

Til- vifv.-n ;m.l oiAnionr; J In ti-.jp p.-tp-t urv tiiopo of tb'- :iut}ior.« and nri; 

not r-f 1 tiiv vj- v.?. </f tli- oranniz.-itionp jD-nti'inipl abovf. 
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standard three leads. The electrodes and lead wires were so adjusted 
that after recording Lead IV F, Lead IV R could he obtained by simply 
turning the lead-selector switch ; thus, the conditions were identical 
during the recording of both.preeordial leads. 

Sanborn electrocardiograplis (cardiettes) were used throughout the 
study. The timing device Avas repeatedly checked for accuracy, and 
all of the instruments Avere returned to the factory for OA’erhaul at least 
once during the study. More than ordinary care Avas taken in the 
procuring and developing of the records. 

The Amrious measurements obtained from the electrocardiograms Avere 
carefully made. A magnifjdng lens Avas used in determining the dura- 
tion of the QRS complex and sometimes in measuring the amplitude 
or duration of other deflections. The data obtained Avere all recorded on 
master sheets and the statistical analysis made from these figures. 



Fig. 1. — Range and distribution of heart I'ates. 


THE HEART RATE 

The heart rate AAms determined from the electrocardiogram bj" taldng 
the aA-erage of three or four measurements of 6 seconds each. The range 
Avas from 38 to 110. The mean heart rate AA^as 63.8 and the mode 62. 
The histogram in Fig. 1 shoAvs the distribution, and it is notcAvorthy tliat 
in only three instances Avas the heart rate above 100. The mean heart 
rate of the subjects in this series is nearly the same as that found by 
Robinson^ and by Brouha and Heath^ in their groups of young subjects 
aaRo Avere examined in the basal state, and by McFarland, et al.,^ in a 
group of civilian pilots. 

RHYTHM 

Normal Rhythm . — In the study of the electrocardiogram, noimal 
rhythm is defined as a nearly regular sequence of beats betAA’^een the 
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aMkhicax heart jouhxai. 


rates of 60 and 100* in wliicli the excitation impulse arises normally 
in the S-A node and is conducted normally tlirougliout the hcail. All 
other rales and rhythms liave a special name and are often grouped 
under the ‘‘disorders or disturhanees of rlnihm.'’ 



Kipr. 2. — S-A bradyoirdia tnU: 38). 


Hritfbjcnrdui . — lleait rates hetAvcen 5f) anfl 60 were very com- 
mon and almost a lliird (315) of our suh.iccts had rales within this 
range, and more thaJi one-third (382) liad rales below 60. It i.s per- 
haps tuiforlunate that such narrow limits have been .set with regard 
to heart rale in di*fining noi-mal rhytlini. The term sinus bradycardia 
miglit more i)roj)er!y he reserve»l for rates below 45. The e.xtrcmc S--\ 
bradycardia (rale 3-^) observed in one case (Fiir. ‘2) is of interest 
hocause it i.s one of the few examjih-s on rceord^ of a heart rale slower 
tJian 40 heats a inimite in a Imfilthy well -non rished pernon. 

Sinwurif ninr 'rnchijr/irflut , — Three of our siddecf-s had heart iiites 
hetrveeti 100 and 110. While it ha.s ijcen shown'' that young, .healthy, 
well-trained athh-ts-s at rest have pulse rates above 100. taehycnrdia 
of this degree should !)C reuardf'd with .susfjieion. 


Thi* f*t t)i'- rrifo'f n<'opt''d by tfe- Amer;'".'iM 
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Sinus Arrhythmia. — No especial attention was given to tliis arrhytli- 
mia, but in 56 instances it was snfficientty pronounced for a notation 
of its presence to be made. 

Yariaiions in the Location of the Pacemaker. — There were 23 in- 
stances of luanclering of the yacemaker in and al)out the S-A node. 
These were all characterized bv variations Tn tlie form of the P waves 
and with the P-E interval remaining’ unchanged. This unimiiortant 
form of arrhythmia lias no patliologie significance. A single instance 
was observed of S-A block with A-Y nodal escape. This too has no 
pathologic connotation. TJiere Avas one example of A-V nodal rh 3 dhm 
with short P-R interval (0.09 second) and inversion of the P waA’^es 
in Leads II and III. Tlie rliAThm AA’as regular at a rate of 77 a minute. 
Although nodal rhj’-thm ma^’ result from heart disease, it is usually 
to be regarded as a disturbance of rliAdhin AA’^hich neither causes SA^mii- 
toms nor is associated AAuth diseases of the heart. The above instance is 
unusual in that the rate is relativelj'' rapid, AAdiich indicates a heightened 
irritabilitA^ of the A-V node more than depression of the S-A node. 

Short P-B Interval and Y^ide QRS Y^aves. — There AA’^ere two examples 
(Pigs. 3 and 4) of this curious arrliythmia, first described bj'- Wolff, 
Parkinson, and AVhite.“ Recent .studies® have shoAAUi that it maj’- be the 
result of an aiiamolous connection betAA’^een the auricles and ventricles. 
Because persons AAUth this anomalj’- are ])rone to have attacks of 
parox 3 ^smal tach 3 ’’cardia, its presence should disqualif 3 ’- a candidate 
for flight training. The diseoveiy of tAvo eases in 1,000 ma 3 ^ not repre- 
sent its true incidence but does suggest that it occurs sufficiently often 
that it must not be neglected. 

Premature Beats. — The electrocardiograms in fifteen instances shoAved 
premature beats; eight AA^ere of the Amntricular and seven of the 
auricular Amriet 3 L The actual incidence of premature beats in our sub- 
jects Avas probabb' man3' times greater than Ave observed, as the record- 
ing time Avas short. Although the number of cases observed is too 
small to be of statistical significance, 3 mt it is of a little interest that in 
this 3mung, health3’' group there Avere nearb’- the same number of 
auricular as ventricular premature beats. The latter are ordinarily 
regarded as occurring three or four times as frequentb' as the former. 

Heart Block. — There AA’^ere sixteen instances of the so-called first stage 
of heart block or prolongation of the A-V conduction time be 3 mnd 0.20 
second. This aauII be discussed beloAv under P-R InterAml. 

Intraventricular Conduction Defects. — There Avere 38 electrocardio- 
grams in AA^hich the duration of QRS AAms more than 0.10 second. These 
will be discussed under QRS Complex beloAv. 

THE P AVAVES 

The duration, amplitude, and form of the P AvaA'^es were de- 
termined in the three standard leads. The duration of P Avas measured 
from the point on the lower edge of the base line at AAffiieh it left the 
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zero level to the point of i-etnrn. The amplilude v’as measured from 
the upper or lower edge of the base line to the peak, i-espcel.ively, accord- 
ing to whether P was upright or inverted. Tlie foms of the P wave 
were classed as follows; pointed, rounded, notched, and. diphasic. 



Fi},". 2 . — Short F-U iina QHS. Fi?. ■!. — Hhoit I'-It atvJ wid" QUS, 


Duraiion of P . — The Yalur-.s for the eiitii-f; ramre of Ihe duration of 
P are shown in Table I. Particular interest centers in the extremes. 
P waves were always obsei-vcd in head II and were absent in only one 
instance in Lead 1 and one in Le;id III. When the P waves in one 
or other of the three leads were tiny, the duiation wa.s correspondingly 
short. P waves /jf jnorc than 0.1 sceond djiraticm were oh.s'crved only 
occJisionally. 

Amitliiiifh of P . — Table II .show.s the range of the amplitude of J’ ex- 
cept in tliree itrstmiees of ahimrmal rhythm. In I.ead I, P was seldom 
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Table 1 


Duration of the P AVave in the Standard Leads 


DURATION OF P 

(sec.) 

. percentage 

LEAD 1 

1 LEAD II 

1 LEAD III 


0.00 

0.1 

- 

0.1 


0.01 ' 

- 

- 

O.J 


0.02 

0.3 

0.1 

0.4 


0.03 

0.7 

0.2 

0.6 


0.01 

6.9 

1.0 

6.3 


0.05 

4.5 

0.4 

5.6 


0.06 

18.5 

4.3 

22.4 


0.07 

11.5 

6.3 

15.1 


0.08 

37.5 

35.3 

35.2 


0.09 

9.3 

25.8 

8.4 


0.10 

9.4 

22.2 

4.4 


0.11 

1.0 

2.9 

0.9 


0.12 

0.3 

1.5 

0.5 


ilean Duration 

0.074 

0.086 

0.073 



Table II 




Ahplitude of the P Waae in the Standard Leads 


aaiplitude of p 

1 PERCENTAGE 

(aim.) 

1 LEAD I 

1 LEAD 11 

j LEAD III 


-0.9 to -2.0 


_ 

0.4 


-0.5 to -0.8 

- 

0.1 

3.8 


-0.1 to -0.4 

- 

- 

2.7 


0 

- 

- 

0.1 


0,0 to -f0,3 

13.4 

2.3 

8.0 


+0.4 to +0.7 

57.9 

16.4 

29.2 


-pO.S to +1*1 

26.8 

38.1 

29.2 


+1.2 to +1.5 

1.4 

33.9 

8.8 


+1.(5 to +1.9 

- 

4.9 

0.6 


+2.0 to +2.3 

- 

1.6 

0.4 


+2.4 to +2.7 

- 

0.4 

0.1 


+2.8 to +3.0 

- 

0.1 

- 


Diphasic (+ -) 

0.5 

1.3 

14.1 


Diphasic (- +) 

“ 

0.9 

2.5 



more than 1 mm. in amplitude and was never actually inverted ; in five 
instances P was diphasic. In Lead II, P was seldom greater than 2 mm. 
in amplitude, was occasionally diphasic, and actuallj^ inverted in only 
one instance. In Lead III, P was seldom more than 1.5 mm. in ampli- 
tude, was often diphasic and sometimes inverted. It is noteworthy that 
when P was diphasic, the upright preceded the downward phase in all 
but three instances. 

Form of P . — Table III shows the various forms of P observed in the 
three standard leads. The distinction between rounded and pointed 
Avas made arbitrarily on the basis of vdiether the .summit of P was part 
of a curve, or a peak. All degrees of notching are included under 
“notched,” Avhich accounts for the large frequency of notched AvaA^es. 
However, it again serves to emphasize the fact that notching is A’ery 
commonly found. Diphasic P AAmves Avere rarely found in Leads I and 
II but Avere commonly found in Lead III. 
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5;?0 


Taiu-e ni 

Form of the P Waves ix the f;TAXi)Ai:i) Leahs 


FOi’.M OP r 

1 rERCE.VTAGE 

1 LEAD 1 

j hK-W It j 

LE.AD in 

Apex rounded 

49.8 

29.4 . 

28.4 

.Vpox pointed 

22.3 

41,1 

25.8 

Notched 

27.5 

28.2 

2G.:t 

Diphasic 

0.5 

1,(5 

Jfi.1 


r-K IXTEIIVAL 

The P-R or P-Q interval was delerniinecl by ineasurhig from the ho- 
ginning of tlie P Avave to tlie beginning of the QRS complex. Tliis 
measurement Avas made in Lead II except in occasional imstanecs wlicro 
the P AA'aA'es Avere poorly defined or Avhere P-R Avas of longer duration 
in another lead. The P*R interval was found to vary in duration from 
0.09 to 0.28 second, and the mean Avas 0.154. In all but 82 ins(ancc.s 
the P'R A'aried betAveen 0.12 and 0.18 second as .shown in Table IV. 
This requires no further comment because these values are Avell Avithin 
the generally accepted range for healthy young adults. 

The P-R interval Avas 0.11 second in six instances, and 0,10 in seven 
others; in two of the latter (Fig.s. S and 4), the QRS complexes Averc 
abnormally Avide as described above. The P-R interval Avas 0.09 second 
ill the one in.stanee of A-V nodal rlni-hm. Aji example of short P-R 
with normal QRS is shoAvn in Fig. 5. The impulse i);i.sses Avith unasiial 
rapidity from aui-icles to ventricles, and lliere is, prestunably, le.ss delay 
than ordinaT-ily in the .iunctional tissue .surrounding the A-V nofle. 


Tabee I A' 

Deratiox of the P-P Intera'ai, 


I'K 

I.XTEitVAL (.SEC.) 

XVAIBEi; or l.VSTA.XCKS 


0.12 

7fj 


0,1.". 

83 


0.14 

211 


0.15 

117 


0.10 

249 


0.17 

95 


0.18 

84 

Total 915 


Tlie P-K interval Avas 0,19 second in 19 in.stances and 0.20 in S3 
wstnncr-s. Althongh tliese valuc.s are Avitiiin the usually accejUed 
normal rainre, it is Avorth rmnarkiiiir that Diesr- values oeciirrcd in- 
frequently. Of greater significance aatis the finding of P-R intei-A'als of 
0.21 second in lonr instaiu'e.s, 0,22 .second in eight instances, and one 
instance each Avhere the P-K inteiwai Avas 0.24, 0.25, 0.20, and 0.28 
second. Th(-re Avas no evidence of rlieumatic fever in any of tlu'se caw;s, 
i-nd careful exafiiinafiou did not diselos<' any infection or other abnor- 
nudity, Fnfoiitnmtely. wo Avert; not able to obstowe these cases for 
longer than a feAV days. Other in vestigator.s, likewi.^e, have oeeasiottally 
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observed abnormally long P-R intervals in otherwise healthy persons.- 
Thus, Ferguson and O’Connell' found the. P-R inteiwal to be longer 
than 0.20 second in over 1 per cent of the electrocardiograms from 
1,812 healthy young men. Hall, Stewart, and Manning® likewise ob- 
served the P-R interval to be over 0.20 second in nearly 2 per cent of 
the electrocardiograms from 2,000 apparently healthy persons. Thus, 
although P-R intervals greater than 0.20 second should raise the ques- 
tion of past or present heart disease, they may indicate neither. 



Fig. 5. — Short P-R and normal QRS. 


The P-R interval is laiowi to vary with the length of the cardiac 
cycle or heart rate; this relationship is shown in Table V. P-R inter- 
vals longer than 0.20 second were not found at heart rates of 80 or 
above. 

QRS COMPLEX 

Before proceeding to the description of the QRS findings, it is neces- 
sary to mention the terminology used and the manner in which the 
several waves were measured. The present study was begun prior to the 
appearance of a report on electrocardiographic terminology made by 
the Coimnittee for the American Heart Association,^ but the terminology 
used here does not vary very much from that recommended. A single 
upstroke is called R, any preceding downstroke Q, and any following 
dovmstroke S. All other forms are separately described as follows: 
in the absence of Q as defined above, a heavy slurring at the base line 
on the upstroke of R is termed a "fused Q wmve.” If a tin}’- upstroke 
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Tablb V 


Variatjox in the P-R Inteiivai. With Heart Rate 


KATK 

i 

■1 

r-R inter VAI. f;ORREEATED WITH 

HEART RATE 

1 MEAN (SEC.) 

j RANGE (SEC.) 

40-49 

()0 


0.12-0.20 

O 0-.59 

.315 

0.157 

0.10-0.28 

00-09 

349 

0.153 

0.10-0.25 

70-79 

174 

0.152 

0.11-0.24 

80-89 

70 

0.144 

0.09-0.20 

90-99 

13 

0.145 

0.12-0.18 


TARi.r. VI 



Duration ok QRS 


DURATION OF QRS (.SEC.) 

NUMBER 0?' IN.STANCES 

0.00 



7 

0.07 



08 

0.08 



431 

0.09 



295 

0.10 



101 

0.11 



27 

0.12 



8 

0.13 



1 

0.14 



2 



Total 

= 1,000 


precedes Q, it is considered part of that wave and described separately. 
The same terminology- applies to S. A QKS complex of low amplitude 
consisting of several waves is termed a “vibratory QHS complex,*' 

The duration of QRS was measured in the lead giving this wave the 
greatest value. The amplitude of Q and 8 were determined by 
measuring from the level of the lower margin of the P-Q segment to the 
apex of tlie wave, and the l<?vel of the upjier margin was used in the case 
of I?. Notching refei-s to a definite spike, and slurring to a definite thick- 
ening, more than 2 min. from the base line on one of the limbs of Q, R, 
or S which has an amiilitude of 5 mm. or more. 

Durfitwn of QliH . — The duration of QRR was found to vary from 
O.OG to 0.14 second with a mean value of 0.0S7 ; Table VT gives the 
figure.s for the entire range. It is of interest to compare these findings 
with tho.se of other invest igatoiTi. 

The duration of QRS was measured by Alcflinn and White’" with the 
aid of a Tmeas comparator and was found to average 0.0883 second in 
50 adult males of all age.s, and 0.0722 in 50 females. Earlier .studies 
reported similar average values but wei-e ba.sed on smaller series of 
ease.s. Bhijiley and Halloran” obtained avei-age values of 0.0S7 .second 
for males and 0.0S5 .second for females in a series of 200 eases, 
laideritr,’- found the average duration of QRS to be 0.080 .second in 500 
ease.s. The value.s obtained by Haskin and .Jone.seu” were extraor- 
dinarily small, line to the manner in which they measured the QRS 
duration. 
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The range of the QRS duration is of far greater importance than the 
average value because at the upper extreme there is considerable over- 
lap with the abnormal. Praeticalh’’ all of the early electrocardio- 
graphers, beginning with Lewis, considered 0.10 second as the upper 
normal limit. Here again, the conclusion was based on the study of a 
small series of cases. Ferguson and O’Connell' reported finding the 
QRS longer than 0.10 second in two tracmgs from 1,812 healthy young 
men. IMeGinn and White^® observed three instances in 100 where the 
duration of QRS was between 0.10 and 0.11 second. Shipley and 
Halloran^^ observed the duration of QRS to be 0.11 second in two in- 
stances and 0.12 in one, in their series of 200 cases. Liideritz^- dis- 
covered the QRS duration to be 0.11 second in nine and 0.12 in two 
instances among 500. Chamberlain and Hay^^ did not observe any QRS 
waves longer than 0.10 second, but tlieir observations in this regard 
were limited to Lead II, whereas the duration of QRS is often greater 
in Lead III or even in Lead I. Hasldn and Joneseu,^^ in a study of 50 
normal women, found the longest duration of QRS to be 0.09 second. 
Ashman and Hull,^'’ in their series of 100 cases, did not find any QRS 
waves longer than 0.10 second, and Hall, Stewart, and Manning,® in an 
analysis of 2,000 records, found only two showing QRS waves greater 
than 0.10 second. It is readily seen from these reports that QRS waves 
in the standard leads greater than 0.10 second in duration are rarely 
.-.encountered in the electrocardiograms from healthy persons. Inasmuch 
as a diagnosis of ^'normal” heart cannot be made with finality in the 
living, and the fact that there are occasional cases shovdng a considerable 
degree of coronary arteriosclerosis at an early age, the evaluation of these 
unusual records is difficult. Because of the interest in, and importance 
of, this problem, it seems worth while to discuss in more detail the cases 
in our series where QRS was found to be greater than 0.10 second in 
duration. 

In 27 instances (2.7 per cent) QRS measured 0.11 second. In every 
case it was found that this measurement was obtained in a lead plainly 
:Sho%ving Q, R, and S. In other words, it was unlikely that any portion 
of this complex was isoelectric and “buried” in the base line. In most 
of the 27 instances a casual glance at the record might not iraimediately 
raise the suspicion that QRS was unusually long; the form of the 
ventricular components did not appear abnormal. It was only after 
careful measurement that the QRS was discovered to be prolonged. It 
is our opinion that if the full duration of QRS can be observed, and if it 
is carefullj’" measured, durations longer than 0.10 second will occa- 
sionally be found in the records from healthy males. Tliinking in terms 
of the laws of probability, it seems imlikely that 27 subjects in our 
series had heart disease interfering with the conduction of the excita- 

t 

tion wave through the ventricles. 
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There M-ere eight iiislaiiees in M’hich the duration of QKS was 0.12 
second. In seven of these eight, the form of the S-T segments and T 
waves was normal, and the oidy unnsual feature was the extraordinary 
lehgtli of QIIS. Examples of Ihi.s arc shown in Figs. 6 and 7. The re- 
marning instance (Fig. S) .shows typical left bundle branch block with 
the T waves oppositely directed to the chief initial ventricular deflection 
in Leads I and III. This record was obtained from a Naval Aviator, 
aged 29 yeai-s. He was studied and tested in the most thorougli manner 
but no evidence of heart disease was discovered. His progress was fol- 
lowed for two years (until the on.set of the War) and he remained in 
good health. The cause of the conduction defect in this case is not known 
but it is not unreasonable to supjiose that, rarely, even in Aoung, ap- 
parently healthy per.sons, congenital anomalies of the conduction .system, 
or iniury from localized inflammation, oi' disease of the nulIili^e »ittci\, 
may be responsible. 



FiC. r: FUt- 7.—- ::: 0.12 


Another inteif^sting examjile is .s'‘en in Figs. 9 and 1(1. These tracings 
Avere olUained from a .student Naval Aviator. 24 ycta-n of age. Tlic reeord 
in Fig. 9 Ava.s taken with the .snb.jeet under ba.sa! conditions and the 
record in Fig. Id Avas taken a Anv minutes later after a pi.stol had been 
fuAKl near idm. The chant'e in intraventricular conduction occurrcfi 
Avithin 30 sec/nids of the explosion, ainl the abnormality remained for 
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two days. This subject was studied exhaustively but ho evidence of 
heart disease or impairment was found. The fact that the faulty con- 
duction occurred as a temporary functional condition is significant. 
It indicates the possibility that all disturbances of intraventricular 
conduction need not be explained on an anatomic basis. 

There was one instance where the duration of QES was found to be 

0.13 second; the S-T segments and T waves were not affected. Thorougli 
study and testing did not reveal any evidence of cardiac disorder. 
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Fig:. 8. — Left bundle branch block. 


And, lastly, there were two instances of wide QES associated with 
a short P-E interval. This phenomenon and its significance have been 
discussed above. 

While freely admitting the uncertainties with regard to the unusual 
prolongations of QES observed in this series, the following conclusions 
seem to be justified. 

1. QES complexes as long in duration as 0.13 second maj^ lie observed 
in young persons without any evidence of heart disease. 

2. A QES duration of 0.11 second is found with sufficient frequenc.y in 
young health}^ persons to suggest that it is not necessarily of pathologic 
significance. 
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3. QRS complexes of 0.12 second duration, even when observed in the 
electrocardiograms from young, apparently healthy persons, are usually 
caused by some abnormality Imt in rare instances may not have any 
pathologic sigirficanee. 

4. The duration of QES has been observed' to increase temporarily 
as the result of a fright stimulus. 

THE Q WA\TE 

In Lead I, omitting three records showing abnormal rhythm, there 
were 511 instances of a definite negative deflection preceding the R, 
six instances in which a tiny upstroke preceded Q (R^ new terminology), 
23 iiLstances of a heavy slur at the beginning of tlie upstroke of R (fused 
Q wave), and 456 instances in which R was not preceded by another 
wave. The amplitude of Q in the 511 instances where it was a single 
negative deflection ranged from -0.1 to -3, and the mean was -0.54. 
The amplitude of Q equalled 7.8 per cent of the amplitude of R^ on 
the average, and the range was from 0.8 to 33 per cent. The amplitude 
of equalled 5.6 i>er cent of the amplitude of the tallest R in any of 
the three standard leads on the average, and the range was from 0.6 
to 25 per cent. Thus, in Lead I, Q was never found to be greater 
than 3 mm. in amplitude, and it was never more than 33 per cent of 
the amplitude of the R in that lead or more than 25 per cent of the 
amplitude of R in any lead. There were only three instances where 
was 20 per cent or more of the tallest R in any lead. 

In Lead II there were 681 instances of a definite negative deflection 
preceding the R, eight instances in wliich a tiny upright wave preceded 
the Q (R^ new terminology), 56 instances of a heavy slur at the begin- 
ning of the upstroke of R (fused Q wave), and 260 instances in which 
R was not preceded by any other wave. The amplitude of Q in the 681 
instances where it was a negative deflection ranged from -0.1 to -3.5 
and the mean was -0.73, The amplitude of equalled 6 per cent of the 
amplitude of Ro on the average and ranged from 0.6 to 50 per cent. The 
amplitude of Qs equalled 5.8 per cent of the amplitude of the tallest R 
in any of the three leads on the average and ranged from 0.6 to 50 
per cent. Thus, the maximum amplitude of Q in Lead II was 3.5 mm., 
but in only three instances was it 20 per cent or more of R in the same 
lead. 

In Lead III there were 677 instances of a definite douuiward deflection 
preceding the R, 61 instances wliere a tin}^ upright deflection preceded 
the first important deflection in QRS (R new terminology), 92 instances 
of a heavj^ slur at the beginning of the upstroke of R (fused Q wave), 
33 instances where the QRS consisted of so many deflections that a 
definite Q could not readily be identified, and 134 instances in which 
no Q wave was seen. The amplitude of Q in the 677 instances Avhere 
it was a negative deflection ranged from -0.1 to -4.5 mm., and the mean 
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was -1.04. Tlie ainplitiide ol Q.., equalled H.8 ]M‘r cent of tlie nnii^lilude 
of on the average, and the ivingc was from 0.7 to 150 per cent. There 
were 26 in.slanees where Q., was equal to one-half oi* more of the ampli- 
tude of R:,. The amplitude of Qg equalled 8 per {;eul of the am])litude 
of the talle.st E in any of the three limb leads and the i-ange was from 
0.6 to 60 per cent. There were 18 instances where Q... was equal to one- 
fourth or more of the amplitude of the tallest E in any load. 

TITK K WAVK 

In Lead I, omitting the three in.stanees of abnoianal rhythm, the E 
waves were always upiight and ranged in amplitude from 1 to 16.5 
mm., with a mean value of 5.9 mm. There were 62 instances where E, 
was between 10 and 16 mm. in amplitude. 

In Lead 2 the E waves were always u])i-ight, ranging in amplitude 
from 1.3 to 26 mm. and with a mean value of 11,6 mm. There were 
152 instances in which the amplitude was from 15 to 19.9 mm,, and 29 
instances in which it was from 20 to 26 mm. 

In Lead III the E Avaves were U]>right in 946 instances, ranging in 
amplitude from 0.5 to 24 mm, with a mean of 7.2 mm. In the roinain- 
ing 61 in.stanees QE.S was de.scribed as a vibintoiy com])lex or inverted. 

THK .S WAVK 

In Lead I. again omitting the three ca.scs .showing abnormal rhythiti, 
there were 856 instances of a definite negative deflection following the 
E wave, six instances in which there was a liny ui)right wave following 
the last important QE.S deflection (E- J)ew terminology), 39 instances 
of a heavy sluiTing at the end of the doAvnslroke of E (fu.sed S Avave), 
and 99 in.stanees in Avliich R Avas not followcal by another Avave, TJie 
arnjditude of S in tiie 856 instances Avhere it, aaos a negatiA'O deflection 
ranged from -0.1 to —6.3 mm., and the mean Avas -1.74 mm. The ampli- 
tude of M, equalled 39.5 f»er cent of the amplitude of E, on the average, 
and the range Avas from 0.9 to 266.7 ])er cent. Tlie amplitude of S, 
equalled 16.2 ])er cent of the amplitude of the tallest E in any of the 
three limb leads on tin; aA’eragc. and the range Avas from 0.5 to 90 per 
cent, IJius, in L«*ad I, S avaa’cs a.s great as 6.3 mm. in amj)litude Averc 
ob.seiwed, and in 21 inslance.s {excluding records with right axis devia- 
tion) 8 Ava.s 4 mm. or more in ampli1u<lc. 

In Lf-a<] 11 ihei'e AAau’e <49 inslanc<-s ot a d<*finite <lownward dcfle(‘,lion 
folioAA'ing the E Ava\'(% eight instance's' in AA’hieh there AA'a.s a tiriA' npi'ight 
Avav<; following the las! inqairiant deflection of QE.S (E'^ noAv termiriol- 
'^-4'.'. lb!) iiistama-s oi a hf-.'ivy .slurring at thc' <!nd of the 'ioAvn.slrokc of 
E (fused .8 Av.'iAe}. and 138 instances in Avhich .S was ah.senl. The anqeli- 
tti'it,* oi S tJi the <49 instanci-.s Avlicix* tf was a dowtuvard deflection rangcel 
from -0.1 to -9 and tlic rm-an was -L7><. The amplitude of 8, equalled 
20.3 per <-ent of E,, ott the average and ratig<;<i from O.G to 200 per cent. 
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The amplitude of So equalled 18,4 per cent of the tallest R in any of the 
three limb leads on the average and ranged from 0.6 to 143 per cent. 
Tims, S in Lead II vas observed to be as much as 7 mm. in amplitude 
and was sometimes over twice the amplitude of R.; and greater than the 
amplitude of R in anj’ lead (Pig. 11). So was greater than 4 mm, in 
amplitude in 24 instances, excluding eases of right axis deviation. 
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Fig. H. — Prominent S tvaves. 


In Lead III there were 527 instances of a definite negative deflection 
folloM'ing the R wave, 12 instances in which a small upright wave 
folloAved the last main QRS deflection (R- new terminology), 117 in- 
stances of a heavy .slur at the end of the domistroke of R, 346 instances 
in which S was absent or the QRS complex was inverted or vibratory. 
The amplitude of S in the 527 instances where it was a definite down- 
ward deflection ranged from -0.1 to -12 mm. with a mean of -1.48 mm. 
The amplitude of S3 equalled 43.5 per cent of R, on the average, the 
range being 0.6 to 500 per cent, and equalled 15.8 per cent of the tallest 
R in any lead on the average, with a range of 0.6 to 160 per cent. Thus 
in Lead III, S was found to be as much as 12 mm. in amplitude and 
as much as five times the amplitude of R in that lead and nearly tvdce 
the amplitude of R in any lead. 
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FORM OF QRS 

There was no instance of notching of the Q, K, or S Avaves in Leads I 
and II but there Avas slight slurring of Rj in 23 instances and R^ in 35. 
Slurring and occasional notching AA'cre frequently obseiwed near the base 
line especially Avhen the voltage of the A\-aves Avas Ioav. In Lead III, R 
Avas slurred in SO instances and notched in 37. A A'ibratory QRS com- 
plex AA'as not observed in Leads I and TI, but Ava.s observed in 52 instances 
in Lead III. The QRS complex Avas “inA’crtcd” in 25 instances in Lead 
III but not in Leads I and II except for the inver.sion of Lead 31 asso- 
ciated AAutli left axis dcAuation. 

There Avere 16 instances Avherc the greatest amplitude of any deflection 
of QRS in the .standard leads aa^s no greater than 5 mm. and 70 in- 
stances Avhere the amplitude AA’as from 5.1 to 7 mm. The small incidence 
of loAA* A’oltage of QRS in this series contrasts shandy Avith the much 
greater incidence found in a smaller but older gi-oup of pilots.^ The 
lai’ge amplitude of QRS in young perso7i.s is a AAmll-hnoAA'n fact. An 
account of the incidence and signiticance of low voltage may be found 
in the recent pajicrs of Leach, Reed, and White’'’ and Bellet and ICersh- 
baum.” 

THE EL.ECTRIGAL AXIS 


The angle of the electrical axis of the electrocardiogram Avas calcu- 
lated according to the method of Carter, Riehtei’, and Greene’* for all 
records except those AAhere the QRS duration Avas greater than 0.11 
second. The range Avas from -fl20 degrees to -36 degrees and the mean 
angle Avas 64.2 degi’ces. The “normal” axis is sometimes .stated to lie 
botAvecn 0 and tIO degrees but many observers have found the extremes 
to be much greater. Finm a consideration of the significance of this 
angle it is apparent that it may A-ary Avithin Avide limits in the electro- 
cardiograms from pcj'.sons Avith normal hearl.s. 

Various indices have been pi’oi)o.scd as loucrh guides to the degree of 
axis dcA'ialion and the one u.sed hei-e is that proposed by White,'” 
namely, Index == (R, - S-) - (R^ - S,). The range aatis found to be 
from ^23 to -21 and the mean -2.25. White gdves the normal range as 
lying bctAvcon --30 and -15. 


Left axis deviation Avas considered to be present Avhen the algebraic 
sum of Rj r Avas positive and the sum of R„ and .8,, was negative, and 
R, Av;is greater- than R,,.='’ Thei-e Avere 51 instances in which these 
criteria v,ere fulfilletl. A ratio aatis obtained by flividing the amplitude 
of R by the am])litnde of S in I.end II: tlic values i-anged from 0.3 to 
17 Avith a mean of 4.17. There Avere 21 instances of •’inversion of Lead 
in.” i.e., the P Avave, the chief initial ventricul.-n- deflection and the 
T AA’ave. Aveie all drnvnwardly directed. Tirere Avere no instances in 
Aviiich the S-T segments Aven* displaced in an oijjmsite direction from 
the chief initial deflection in Leads 1 and III. 
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BigJit axis deviation was considered to he present when the sum of 
B, and was negative, tlie sum of Eg and Sg positive, and Eg was 
greater than E,. There were 22 instances in which these criteria were 
fulfilled. The ratio of Eg/Sg ranged from 1.1 to 17.6 and the mean was 
6.8. There were no instances in wliieh the S-T segments were oppositely 
displaced from the chief initial deflections in Leads I and III. 

In summary, then, it is seen that in young, liealthy persons without 
hypertension and without cardiac enlargement which can be detected 
by clinical and x-ray examination (A-P teleroentgenogram of chest), 
the electrical axis of the electrocardiogram may vaiy within a wide 
range. In some instances the S waves in Lead II may be as great or 
greater in amplitude than E, but the S-T and T-wave changes associated 
with ventricular preponderance are not observed. 


S-T JUNCTION AND S-T SEGMENT 

The displacement of the S-T junction was measured and the various 
forms of the S-T segment classified. The S-T junction was considered 
to be the point of union between the QES complex and the S-T segment 
or the T wave and the reference level the P-Q segment. The S-T seg- 
ment was considered to be (1) ascending, (2) concave, (3) convex, and 
(4) flat. 

Table tTil 

DISPLACE^rE^rT OF THE S-T JUNCTION IN THE STANDARD LEADS 



N j 

MEAN 

(MM.) 

RANGE 

(MM.) 

number 

GREATER THAN 

1 MM. 

Lead I 

upward 

S54 

+0.41 

+0.1 to +1.5 

5 


none 

1S7 

i 




do\vnward 

9 

-0.64 

-0.1 to -1.2 

1 

Lead U 

upward 

S90 

+0.62 

+0.1 to ■{■2.0 

30 


none 

9S 





douTiward 

12 

-0.46 

-0.1 to -1.0 

0 

Lead III 

upward 

4G0 

+0.43 

+0.1 to + 1.0 

i 7 


none 

463 



i 


downward 

77 

-0.33 

-0.1 to -1.5 

i 1 


Table YII shows the incidence of the upward and downward dis- 
placement of the S-T junction in the three standard leads. The par- 
ticular points of interest are the rarity with which the S-T segment was 
downwardly displaced and the fact that occasionally it may be dis- 
placed upwardly more than 1 mm. from the base line. 

. The incidence of the various forms of the S-T segment is shovm in 
Table VIII. It is difficult to describe this segment, and the classification 
into the various forms is unsatisfactory. This is true for many reasons, 
including the fact that there are many degrees of variation within a 
given general pattern, the presence of mixed forms, and the failure to 
take into account the level of the S-T junction and the form of the 
T wave. 
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T.UtLK VIJI 


OF S-T BF.GMKKT IX THE BtANOAU!) LF^AUK 


FOnM OF 

S-r SEGMEKT 

[ PEKCENTAGE 

1 liEAM 1 

j LEAD 11 { 

LEAD m 


A.sceii'linp 

]?..4 

32.9 

".,3 


Concave 

7G.9 

79.7 

45.4 


fjonvex 

0.2 

0.0 

2.3 


Fiat 

9.r> 

7,4 

4.«f.8 




-2.0 0 +2.0 ■^A.0 +60 +8.0 

amplitude of t wave 


Fit,', 12 , I’f.rcf nttir,'*- <ii.*'lriijutlon of tli‘* various riirji»Iituilt.= of T in the siarojtird lo.'i'l!-- 


TJIK T ’.VAVi: 

Tise data jH-riainio'^ to tlio dnralinii and anipHlndi; of the T waves 
in the three stan<iard lead.s i.s .smmiiari/.ed in TnhJo JX and Fiu. 12, 
There was not a sintjle jn.stanoe of invorsion of '1' in Load L ondttinir the 
three itieord.s with ahnorrnal rliythm. hiU T wa.s sonielimt'.s low fFiir. 
K*3, In Le:ifl n there v.v-re ouiy t».vr» instaneo.s of iiiAor.sirjfi of T fFifr.''. 
14 and ir»;, fsnd oiie of dij)ha.‘;ie T. In Load III, T wa.s iiiverted or 
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dipliasic in oA'^er one-fifth of the records. The T waves in all three 
leads were not greater than -i-l mm. in two records and +2 mm. in 119 
records. ' 

Table IX . 

AirPLXTUDE OF THE T WAVE IN' THE STANBAnD LEADS'" 



N 

JIE.VN 

(MM.) 

MODE 

(MM.) 

BA.XGE 

(MM.) 

NUJfBER 

INVERTED 

NUMBER 

DIPHASIC 

Lead I 

9S8 

+2.00 

+2.80 

+0.2 to +6.0 

0 

0 

Lead II 

989 

+3.32 ■ 

+2.80 

-0.8 to +8.5 

2 

1 

Lead IH 

974 

+1.33 

+1.50 

-2.6 to +6.0 

150 

90 



Fig. 13. — Low Ti. Fig. 14. — Inverted T2T3. Fig. 1.5. — Inverted T-Ta. 


These results emphasize the rarity of fiiiding low or inverted T waves 
in Leads I and II in the electrocardiograms obtained from healthy 
persons of normal build, l.ying supine. Recently, cousiclerable attention 
has been giveii-^’ -- to the exceptions to the rule that the T waves are 
normally upright in Leads I and II. Tliese exceptions are important 
and deserve emphasis, but it must be remembered also that they occur 
infrequently and are usually due to some well-recognized cause, such as 
elevation of the left diaphragm, and the upright iiosition. 

• THE Q-T INTERVAL 

The Q-T interval was calculated according to the formula Q-T = 
K V cycle length. The range was from 0.30 to 0.59 and the mean 0.383. 






544 


A31ERICAX HEART .JOUR-VAL 


THE V WAVE 

The incidence of the U waves in the three standard leads and their 
direction and amplitude are shown in Table X. The fact that only 
two instances^ of inverted U waves were observed lends support to the 
generally accepted opinion that inversion is abnormal. 


Taku: X 

I-snuEN-CK amj Ami>i.it(;ije or U Waves is the STAsyAno LKAfs 


inciijekce ok i; avave.s 


EEAIJ J 


r.’UMjjEr. 



1 


208 •- 



-2 


448 



• f 


141 



1 am] 2 


131 



1 an<l .3 


14 



2 anf] 


00 



], 2. am] 3 


-00 



One T>f;a<j Onlv 


284 



Xo I>f;ad.s 


438 


AMI'I.TTLaJE OF U AVAVES 




EAXOE 

1 .VE.UBEf; 


I 1 (MM.) 


Cmm.) 

j I.SVEETCTi 

Lc;t<l 1 

2<;.S 40.12 


fO.l to 40.3 

0 

I>ea/] TT 

4-1S 40.14 


^0 *4-1,0 

0 

Lctid JII 

]4] 40.13 


+0,1 to 40,3 

2 


LEAD IVr 

Lead IVF was obtained in all but .six in.stanecs. The precordial 
electrode was placed on the cliest at the outer border of the apex beat 
wiien this could ])e palj)ated, othcnvi.s'c in the fifth inlo/vostal space 
at the outer border of cardiac dullness. Tiie left Icr lead wire was at- 
• f ached to tlie precordial electrode and the left ana wire was attached to 
the electrode (in the left leg. 

7'he P li«»T. — The P wave was visible in fifi7 of the 9.94 records. If 
v.as upright iu 508 instances, ranging in amplitude fr-ot'i 0.1 to 1.5 inrn., 
v.'ith a mean of 0.45, was invei-terl in 120 instances and diphasic in 
240. It was barely ]»ercej)tible or small and l)izaric in .shape in 71 in- 
sSancf's and absent in 40. 

QPS Ditriilioii. — The dur-atiori of QR.S ranged from 0,00 to 0,14 
second, with a mean of 0.080. Alliiough the range is t.hc same and IfiC 
wi'Hii value only 0.001 sc<'<)n<l smaller’ tiian utf the inaximurn QR^s 
duraliort in the limb leads, it does ni,l. follow that the values were the 
same in a given record. Frcguerifh-. ih: dni-nfson of QRS dilTered by 
0,01 or 0,02 secont] in tlic limb and chest leads, but, on the avci-agc, it 
■".va-s not loirrid to be longer in the ehest b'ads as is .sonietirru's .stated, 

Th<. Q iroiY.—In 79.5 rceord.s a Q wave wa.s rjot seen; in .34 it Avas 
thsy and upr’icht : in 45 it wa.s repiv'scntcd ly a slur a! the base of the 
up.stroKe ot R f 3 us/'<l Oy in 120 R wa.s Ufiwn'ivarfjiy fjiiceted, ranging 
in value frorrs -0.1 to -5,0 mm., Avitb n mo;jri of -ft. <^.3; Q Ava.s greater Hum 
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“l .mm. in 22 instances. Proniinerit Q was often associated "with small 
S, tall E-, and relatively great upward displacement of S-T, thus raising 
the suspicion that the precordial electrode was not properly placed 
over the cardiac apex. 

The R Wave. — The R wave was always upright and ranged in 
amplitude from 1 to 29 mm. with a mean of 10.4. It was slurred in 82 
instances and notched in 69. Thus, slurring and notching does not 
have the same significance as it does in Leads I and II where normally 
it is less commonly observed. 

The S Wave. — This wave was absent in six instances, represented bj^ 
a slur at the base of the dovmstroke of R in 11, and, in the remainder, 
varied from -0.2 to -28 mm. with a mean of -9.3. S was notched in 31 
instances and slurred in 27. 

The S-T Junction. — The S-T junction was displaced upward in 977 
of the 994 records and in the remainder it was either downwardly dis- 
placed (three instances) or at the isoelectric level. The upward dis- 
placement varied from 0.1 to 5 mm. with a mean of 1.14. The extreme 
degree of displacement was associated with a small S wave (or no S) 
and may have been due to improper placmg of the chest electrode. 

The T Wave. — The T wave was upright in all but two instances, 
where it was diphasic; the range was from 1 to 15 mm., and the mean 
was 5.9. T was greater than 10 nun. in amplitude in 25 instances. 
Huge T waves have been sho-wn^^ to be of pathologic significance in 
some cases. They are rarely observed in the electrocardiograms from 
health}’- persons. 

The U Wave. — The U wave was never found to be inverted and was 
present and upright in 915 of the 994 records. The range was from 
0.1 to 1.2 mm., and the mean 0.24 mm. 

LEAD IVR 

Lead IVR was obtained in all but eleven cases. It was always taken 
immediately after Lead IVP was recorded, and the change in gal- 
vanometer connections was effected by simply turning the lead-selector 
switch. Thus, the t-\vo chest leads were taken under identical conditions. 

The P Wave. — The P wave Avas aLvays visible. It was upright in 
976 instances and the value ranged from 0.1 to 2.3 mm. Avith a mean of 
1.15. In the remaining 13 instances the P waA’es Avere hwerted or 
diphasic. 

The QRS Duration. — The duration of QRS varied from 0.06 to 0.14 
second, and the mean AA’as 0.087. 

The Q Wave. — In 196 instances a doAATiAvardly directed Q Avas ob- 
served, Avhich ranged in amplitude from 0.1 to 6.0 mm., AAdth a mean of 
0.80. In 38 of the 196, Q aaus more than 1 mm. Improper placing of 
the chest electrode AA’as probably responsible for the extremely prominent 
Q AA’aves. In 35 instances a tiny upright Q (R’^ ncAv terminology) was 
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observed, and in 11 instances Q was represented by a slur at the base of 
the upstroke of R. In the remaining 747 records Q was not seen. 

The R Wavr -. — The R wave was always upright and ranged in 
amplitude from 1.3 to 38 ram., with a mean of 17.8 rnm. 

The S Wave . — The S wave was downwardly directed in all but 23 
instances, and the amplitude varied from -0,2 to -28 mm., with a mean 
of -8.34. Of the 23 remaining, 16 were fused, three were tiny but uj)- 
right, and in four in.stanees.S was not .seen, 

S-T Junciion . — The S-T .junction was upwardly di.splaced in all but 
seven records; the range was from 0.6 to 4.5 mm. and the mean was 
1.57 mm. In two reeoi’ds there was no displacement and in five there 
was slight downward displacement. 

The T Wave . — The T v/aves were always upright and varied in ampli- 
tude from 2 to 22 mm., with a mean of 8,79. 

The V Wave . — The U wave was pre.sent and upright in all but 20 
records, where it was not seen. It varied in amplitude from 0.1 to 1 
mm., with a mean of 0.28 mm. 

cojiFAm.^ox or lead.s ivf and ivr 

Some eleetroeardiographers have e.xpressed a prefei’cnce for the use 
of IFR rather than IVF. A compaihson of the two, in so far as normal 
records are concerned, sugge.sts that Lead IVF has one advantage; 
namely, that the amplitude of the se%'eral waves is smaller, which affords 
a more convenient iionnal range. In all other i-espects thei’e seems to 
be no advantage either way. 


ni.scu.s.siox 

Tlie interpit'tation of an electrocardiogram ordinarily involves three 
distinct stejis. namely, (1) the actual measuiement of the various com- 
ponent {larts, (2) the recognition of any deviations from the tiormai, 
and (3) a proper evaluation of the significance of the findings. The 
fiiNt stej) is e.ssciitially oldective, if carried out in aecordance with eslah- 
lished jiroecdure. The second step rcquire.s a thorough knowledge 
of the normal elcclrocardiogi-ajihie patleins gained from past exiien- 
ciice. The third step i'fsjuirc.s a full knowledgff of the significance of the 
various deviations from the noniial, together with a careful correla- 
tion with the other findings in the ca.^.-e. Tiiis part of the interpreta- 
tion is largely sub.ieclive and refiw-is the .judgment of the interiireler. 

The need for infonnation regarding the nonnal has led to an extensive 
study of the chart roeardifjgi-ams obtained from healthy fter.son.s. Early 
.studies^ %vere carried out on oJily a small ?jiini}:.er of sub.jeet.s, and the 
results did not disclos*- iho full cr.xleiit <n the nonnal range. This, not 
infrequent h’i'. led the elect roe,'i;-diograj)her wroiigly to n-gard a par- 
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tieular measurement as abnormal and, as a consequence, to err in 
assessing its significance. More recent studies, including our own, in- 
volving large numbers of healthy subjects,, liave shown more completely 
the extremes of the normal range. The possibility that a few of the 
subjects in the present series had cardiac defects which could not be 
detected by ordinary methods of examination is freely admitted, but the 
number must have been very .small. A follow-up .study is, unfortunately, 
impossible at this time. 

The results show that, even in a select group of young men, the elec- 
trocardiograms may vary witliin wide limits. The variations observed 
would undoubtedly have been greater if the .subjects had included 
members of both sexes, with greater differences in body build, and if the 
subjects had been seated rather than lying when the records were 
obtained. 

With regard to most of the electrocardiographic measurements, it is 
obvious that there is a considerable degree of overlap between the range 
of the normal and abnormal, and that there is no sliai-p dividing line 
between the two. This is responsible for one of the most im.portant 
limitations of the usefulness of the electrocardiographic method. For 
certain electrocardiographic measurements it is necessary to Imow 
whether a given value falls clearly within the normal or abnormal range 
or in a middle or ambiguous range. If it falls in the ambiguous range, 
the probability that it is abnormal increases with progression from the 
normal to the abnormal. For example, in young adults, if the P-R 
interval is between 0.12 and 0.18 second, it is veiw likely to be normal ; 
between 0.18 and 0.22 second it may be normal or abnormal, but the 
likeliliood of its being abnormal becomes greater v/ith each 0.01 second 
increase above 0.18. Serial electrocardiograms are helpful in that a 
definite change maj'- indicate, in an indiMdual ease, the dividing line 
between the normal and abnormal even though both values lie within the 
so-called normal range. 

It may not be out of place here to express an opinion regarding the 
usefulness of electrocardiography in aMation medicine. Failure of the 
circulation may be the limiting factor in man’s adaptation to the some- 
times exacting and abnormal influences of flying. Consequently, the 
physician responsible for the care of flyers will frequently be called 
upon to evaluate their cardiovascular status. In such an evaluation 
the electrocardiogram Avill often be helpful. This is true even when 
young, apparently healthy persons are concerned as shown bj’" the 
findings in the present study. It becomes increasingly^ true as the 
flyers grow older and become subject to degenerative heart disease. 
The value of serial electrocardiography is also apparent, especially 
Avhen the first tracings are taken when the subjects are young. Estab- 
lishing a “normal” base line often aids in the interpretation of records 
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o}3tained at a later date. Naturally, the usefulness of this method in 
aviation medicine will, vary "reatly with the nature of the flying to he 
done. 

SU.MUARY AND CONCLUSIONS 

1. The results of an analysis of the electrocardiographic findings in 
1,000 young aviatoi^ have been presented. 

2. The aviators represented a highly selected group of men hetwcen 
the ages of 20 and 30 ycai-s. None had any cardiac defect on physical 
and x-ray examination. Tlie elecirocardiograms (Leads I, II, III, IVF, 
and IVR) were taken with the subject recumbent and, with a few 
except ion.s, in the basal state. The various measui-ements obtained from 
the tracings were recorded on master sheets and then analyzed statis- 
tically. 

3. The results serve to emphasize the great individual variation in the 
electrocardiographic pattern and the wide range of normal values. 
These findings have been presented in detail with the aid of tables and 
charts. 

4. Even after rejecting as frankly abnormal .some of the extreme 
values observed, it is apparent that the “normar’ extends well into what 
has commonly been regarded as the abnonnal range. Some idea of the 
probability of a given value being abnormal is gained from the fre- 
quency with which it has been found to occur in normal pei-sons. 

5. The relatively large number of interesting and important clectro- 
cardiograifiiic findings observed in young and apparently liealthy 
aviators sugge.sts that elcctrocardiograjfiiy is of considerable value as an 
aid in the medical examination of pilots. 

We Tviah to exjire.^.s wir tlirink.® to Dr, Paul D. Wliife for hi« ailvit'c atul oritieal 
review' of the inaiiuw'ript, aiij to Ilelon W. Mifelif‘11 for lif*r auKinfanee in 

<»oinpilinjr tlic eloi-trofarflioo-nipiiie Jata. 
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SOJIE OBSIilRVATIONS ON THE CARDIOVASCULAR 
EXAMINATION FOR AIRCREW FITNESS 

Donal P. Murkaghan, M.D.® 

Flight Lieutenant, R,C.A,F. 

W ARTIME training of aircrew demands the largest number of well- 
trained personnel in the shortest time. Selection, therefore, be- 
comes an important factor in eliminating wastage. Educational and 
aptitude tests have been combined with a stJ’ict medical examination 
in an effort to weed out the unfit and those whose chances of succeed- 
ing in operational flight are minimal for one reason or another. For 
preference, aircrew .should be intelligent persons, medically fit, and 
endowed with skill, courage, and high spirits. As the strain of war 
reduces available man power, poorer types become .applicants for the 
great fight. Some are highly motivated but have a poor constitution; 
others are driven by circumstances, the Army Draft, or by the derision 
and criticism of their neighbours. It is essential that considerable 
judgment be used so that valuable material be not lost by too strict 
adherence to meticulous medical standards. 

In this war, experience has taught us that “Nature rather than nur- 
ture” seems to produce both the apt and the inapt pupil flyer. The 
cardiovascular system in relation to aircrew fitness surely reflects the 
gifts of Nature, .and its reactions to the phy.sical circumstances of flight 
have boon much studied. Some observations on the normal variations 
in heart shape, heart .sounds, heart action, and the place of the electro- 
cardiogram and neurova.scular instability in relation to the examina- 
tion for airci’ew fitne.ss are pre.sented in this p.apej’. A more complete 
review is not attempted. 

Heart Shape . — One can obtain by physical examination a fair appre- 
ciation of the po.sition and .size of the heart in the age group of po- 
tential aircrew (18 to 35 years). Houtine 2 meter roentgen films of the 
chest are av.ailable to .supplement the clinical observations. For proper 
interpretation of the film it should be appreciated that the .shape of a 
normal licart is not limited to the classical forms of many texts. The 
normal frontal heart sha<low varies in appearance over a wide range 
from long and narrow to being broafi and transversely phaced; the 
norma! l.aterai or oblique views also vary considcj-ahly from deep to 
relatively shallow: a prominent pulmonary artery or a .straight-line 
left cardiac border may be pre.sent in a normal j)er.sori (1) with a long 
thin che.st, or if the heart is (2) rotated anticlockwise on its long .axis, 
or (3) displacwl by .slight .scolio,sis or .sternal depressiori. In all such 

•rcTi!E..r F.-Uoh- in C.inUoIorj'. fUnerfU Ho^uiUtl, 
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cases, however, careful search for the diastolic rumble of mitral stenosis 
at the apex, or other pathologic causes of increase in the left middle 
arc, should be made. Inaccurate alignment of the tube, subject, and 
film creates a shadow which is really a view slightly oblique to one side 
or the other of the straight P-A film. A routine check of each chest 
film for proper centering before interpretation is therefore strongly 
recommended. 

Radiologists with experience in examining large numbers of recruits 
with supposedly normal hearts do not favor fixed standards for normal 
heart size. Measurements, nevertheless, are a valuable yardstick in 
the diagnosis of cardiac enlargement. The transverse diameter, the 
a-rea of the frontal heart shadow, and the cardiothoracie ratio are 
those most frequently used. Where only one examination of the heart 
may be made, the frontal cardiac area is the most sensitive index of 
heart size. For repeated examinations on the same heart Comeau and 
White^ Have pointed out the simplicity and precision of the transverse 
diameter measurement in preference to the others. Standards based 
on weight and height have been established for the transverse diam- 
eter, Hodges and Eyster^ for orthodiagraphy, and Ungerleider and 
Clark" for -the teleoroentgenogram. A nomogram chart prepared by 
Ungerleider and Gubner®'' permits the frontal area to be read directly 
from the long and broad cardiac diameters. Values exceeding 10 per 
cent above the predicted reading, from weight and height for the fron- 
tal area and transverse diameter, are usually abnormal. 

Among the candidates for aircrew, an athlete of some experience may 
present roentgenologic e^ddence of slight cardiac enlargement according 
to accepted standards. In a recent article, Wilce^^ suggests that the 
intangible factors frequently found in true athletes, such as superior 
volitional trends and superior competitive spirit, may far outweigh 
the theoretical consideration of a relative anoxia in an hypertrophied 
heart at high altitudes. The modern use of oxygen above 10,000 feet 
definitely supports his inference that such cases might well be accepted 
for aircrew training. In the absence of etiological evidence of heart 
disease, and with normal physical findings, electrocardiogram, and ex- 
ercise tolerance, it is suggested that values up to +15 per cent increase 
in the frontal area may be accepted for aircrew. 

Heart Sounds . — ^Any attempt to judge the efficiency of the heart from 
the intensity of its sounds is fallacious. In healthy young airmen the 
variation in normal heart sounds is considerable. Detection of the 
minor differences depends to some extent upon the training and atten- 
tion of the examiner. An impure quality or actual reduplication of 
the first heart sound at the apex or reduplication without accentuation 
of the second sound over the pulmonary area are not infrequent ; 
change of posture or respiratory phase often corrects the sound to a 
normal single quality. A low third heart sound may normally be pres- 
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ent at the apex in thin persons, especially in the recumbent or -left 
lateral position, ilidsystolie elides or sounds are ordinarily incon- 
sequential. 

Rarely, the low-pitched sound of auricular contraction may be heard 
before the first heart sound. This sound is not noi-mally audible. Pro- 
longation of auriculoventrieular conduction time or complete heart 
block are the commonest causes. If an un.stable auriculoventrieular 
conduction time is present where the P-R interval varies with change in 
posture,'^ careful auscultation may elicit audible auricular contraction. 

The first heart sound is frequently of low intensity when the P-R 
interval is at the upper limit of normal or .slightly prolonged. This 
clinical finding has been confirmed repeatedly. One explanation is 
based on the theory that clo.sure of the auriculoventrieular valves con- 
tributes the significant energy in producing the first heart sound.^ 
When auriculoventrieular conduction is prolonged, ventricular filling 
has nearly been completed, and the valve cusps have already floated 
into apposition when isometric ventricular contraction begins. The 
auriculoventrieular valves do not then close as vigorously as they ordi- 
narily do. Proponents of muscular contraction of the ventricles as the 
primary basis of the fir.st heart .sound suggest that ventricular filling 
is already above normal when isometric contraction begins, and the 
pres-surc gradient wthin the ventricle is not increased as rapidly as 
usual. The vigor of the muscular contraction according to the latter 
theori.sts is a measure of the sound it is claimed to produce. 

The presence of a .systolic murmur in a candidate for aircrew, calls 
for careful interpretation. 8y.stolic murmurs in normal persons occur 
more frequently than is commonly recogni/.ed. In a .study of 100 air- 
men free from heart disoa.se, examined personally, four-fifths .showed 
on a stethogram a .systolic murmur of some kind when recumbent; 
pulmonic murnnirs were slightly favored. Th(f murmurs were loudest 
during expiration and in the .stipine position ; they disappeared during 
inspiration and in most eases disappeared or were diminished on as- 
suming the erect position. 

In aircrew, systolic murmurs which vary with change in posture and 
disappear during .some phase of the respiratory eyele, usually in in.spi- 
ration, may he disregarded. Recognili{m of the etiological cau.se un- 
derlying a murmur i.s so much more important than the mere phy.sical 
dynainie.s creating it. fn this regard, the clfissificalion of cardiac mur- 
murs into physiologic and pathologic types’'^ is considered superior to 
the traditional terms *lunclional** ami '^organic,” Venous hums orig- 
inating in. or tran.smitted into, the innominate veins are also physio- 
logic variatioms. If maximal to the left of the sternum below* the 
.stemoflavieular junction, they may be mistaken for the cojifinuou.s 
"machinery” murmtir of patent ductus arteriosu.s. Digital pre.ssure 
on the iuterjial jiigular vein cattse.s a %'eiious hum to disappear. A loud 
systolic murmur and occasionally a thrill is sometimes heard below the 
lateral half of the elaviole and i.s due to compre.ssion of the eorre- 
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spending subclavian artery as it passes over tlie first rib. Cardiopul-: 
monary systolic murmurs caused by compression of aerated lung sub- 
stance during movement of the lieart are, unimportant except in their 
recognition and differentiation from pathologic murmurs. An increased 
rate of blood flow or anemia may cause a systolic murmur secondarily. 

When a systolic murmur persists during all the common maneuvers 
in physical diagnosis, it is the result of some pathologic cause, such 
as rheumatic endocarditis, congenital anomaly, or dilatation of the 
valve ring. Candidates with recognized heart disease are unfit for 
service. If a slight' but persistent murmur is the only finding and a 
negative or doubtful etiological history is obtained, the question of 
fitness for aircrew duties arises. Some argue that since the physical 
duties of an amator ai-e much less strenuous than those of the foot 
soldier, he may be accepted. The chance of recurrent I’heumatic fever, 
the commonest etiological cause, or the possibility of subacute bac- 
terial endocarditis make such a person a greater hazard in military 
service than one of sound health. Nevertheless, it is felt that medical 
standards could be judiciously relaxed in such cases and render valu- 
able material available for aircrew. 

Murmurs are an important diagnostic clue in congenital heart dis- 
ease. The cyanotic forms of congenital heart disease are not accept- 
able for service. In principle, the acyanotie types should be rejected 
if recognized. History, physical examination, an electrocardiogram, 
and a roentgen chest film may each contribute information which will 
help in establishing the diagnosis. Many slight cases are missed even 
by experienced observers. 

Heart Action and Function . — Meticulous adherence to fixed standards 
of pulse rate and blood pressure Avhen assessing fitness for aircrew can 
also cause the loss of valuable personnel. The candidate, a volunteer 
for aircrew duties, is influenced by various emotional factors when he 
appears before the examining physician. Reassurance, rest in a quiet 
room, and, if necessarjq i‘e-examination on another daj’" are strongly 
recommended if the readings are above the accepted standards. Air- 
crew standards have been adopted which allow considerable latitude. 
Pulse rates over 84 pei* minute are carefully investigated, and rarely 
is a person accepted with a persistent rate of 100 per minute or higher. 
The highest acceptable blood pressure is 145/95. At the lower range, 
pulse rates below 50 per minute and blood pressures below 100/60 are 
investigated. If asymptomatic and otherwise normal, persons with 
these and even slightly lower readings are acceptable. Some persons 
are unusually sensitive to the physician’s presence and do not relax 
easily. In such cases a reliable technical assistant may find the pulse 
and blood pressure within normal limits when they were persistently 
elevated during repeated examinations by the physician. The Avide 
range of normal pulse rate at rest or relative rest, in White’s personal 
experience, ranges from 38 to 118 per minute.® 
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Table I shows some personal observations on 120 healthy young men. 
The mean systolic blood pressure was significantly lower when the 
emotional factor of the medical test was removed. 


TABt.E I 



AT TI.ME 

or noUTlNE 
MEDICAT, 
EXAMINATION 

TWO HOURS LATER 
WHEN EMOTIONAL 
i FACTOR OF EXAiUNA- 
TION WAS KEMOVEB 

Pulse rate 

7.5.44 

75,90 

Standard deviation 

±8.24 

±8,90 

Systolic blood pressure 

123.99 

113.70 

Standard deviation 

±11.50 

±10.48 

Diastolic blood pressure 

76.59 

76.33 

Standard deviation 

±8.70 

±7.98 


The individual whose blood pressure descends with difficulty to 145/95 
may be a potential hypertensive. This fact does not necessarily affect 
his ability to fly, and such persons often make good pilots. Persons 
with a blood pressure of 100/60, without symptoms and witli a good 
exercise tolerance, are acceptable. A histoiy of postural vertigo and 
frequent fainting attacks entails rejection, more e.specially if po.stural 
hj'potension is recognized in addition. 

Exercise tolerance te.sts in some form have long been used as a meas- 
ure of cardiovascular efficioney and physical fitness, Tt has been dem- 
onstrated to our satisfaction that no one of these tests imiformly 
measures the physical fitness of the individual and they are at best an 
uncertain index of eardiova.seular efficiency. 

For twenty-five years in the examination for aircrew, the candidate 
has been requested to maintain a column of mercury 40 mm. in height 
by respiratory comjJre.ssion as long as he can, and the pulse rate has 
been noted in five-second interval.s. (-'onsidcrable importance was 
originally attached to the nature of the pulse-rale curve, a low level 
sustained through 60 seconds being the best type. From correlation 
studies it is now known that the tyi)e of curve is not an effective selector 
of potential aircrew; the test is still used but interpreted as one of 
endurance, .stamina, and spirit, *‘when the going gets difficult.” In 
this regard 55 seconds is considered a critical level. 

Variations in Rhythm.— Hinm tachycardia (rate above 100) should be 
evaluated as accurately as possible. Xcrvousne.ss or excitement is re- 
sponsible for most cases, but infcf'tion, fever, fatigue, and mild hyper- 
thjToidism should not be overlooked. When it forms part of a mild 
autonomic instalnlity, statistic.s shov,' that the candidate stands an 
average chance of finishing hi.s eour.se but is usually considered in- 
ferior coiribat material. Further reference is made to this subject later. 

Sinus bradycardia (rate below 55) is not uncommon, A history of 
recent infection, such as influenza, may be elicited. All doubtful case.s 
.should have an eleclrocardiograjn as part of their investigation. 
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Sinus arrhythmia is very common and may be disregarded in the 
young applicants for aircrew. If marked and associated with occa- 
sional premature beats, the resulting arrhythmia may be difficult to 
distinguish by clinical examination. An electrocardiogram is recom- 
mended in such cases. 

In general, the candidate with a history of paroxysmal tachycardia 
with symptoms should not be in aircrew. This is commensurate with 
the importance of his post and the strain of his duties. Unless in- 
capacitated by frequent attacks, he can be profitabl}^ employed in a 
noncombatant position on the ground. If the trained pilot complains 
of symptoms due to palpitation or of a paroxysm of tachycardia, he 
may be using a lever to avoid operational duty or he may simply be 
worried about his ability to continue flying. General principles are 
applicable in the latter ease ; if he has incapacitating symptoms during 
the attack, no matter Iioav short, he should not hold a position which 
would endanger the lives of his crew or the loss of an aircraft. A few 
well-chosen questions may elucidate an underlying psychological situa- 
tion in the former instance. 

The commonest arrhythmias seen in potential aircrew are due to pre- 
mature systoles. It is frequently possible to distinguish them by clin- 
ical examination, but an electrocardiogram is recommended if they are 
frequent. Occasional supraventricular or ventricular premature con- 
tractions may be disregarded. If occurring with moderate frequency, 
an attempt should be made to find the cause and to remove it if pos- 
sible. Any candidate with electrocardiographic confirmation of (a) 
short runs of premature beats, (b) multiple foci of premature auricular 
or ventricular contractions, (c) premature beats with a heart rate 
above 110 per minute, (d) increase in the number of premature beats 
after exercise, and (e) inversion of the T wave in the postextrasystolie 
contraction in the electrocardiogram®'^ should be rejected. Abnormal 
ectopic rhythms are not acceptable for military service. 

Electrocardiography . — The place of electrocardiography in aircrew 
selection is not easy to evaluate accurately. In a routine series of 
apparently healthy aircrew candidates, only 0.45 per cent of definitely 
abnormal tracings were found.^ Although considerable economy is 
realized in early rejection of even such a few persons, it would scarcely 
seem justifiable to record electrocardiograms routinely on all potential 
aircrew. Electrocardiography does serve a very useful purpose, how- 
ever, in selected cases in young persons and is recommended as a rou- 
tine part of the examination of all aircrew personnel over 35 years 
of age. 

Some interesting variations lia^m been recorded in routine series of 
electrocardiograms. They include the “short P-K, wide QRS” picture 
first described by Wolff, Parkinson, and White,^^ sinus bradycardia 
at a rate of 38 per minute and alteration in the auriculoventrieular 
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conduction time ^vitli change in posture/' the P-ll interval being pro- 
longed when in the recumbent or head-douni position. 

For selection purposes, if the electrocardiogram indicates myocardial 
damage or impairment of the conducting tissues, the candidate should 
be rejected. Complete heart block or bundle branch block (QK8. 0.12 
second nr longei') is cause foi' rejection. An asymptomatic short P-R, 
wide QRS syndrome does not entail rejection. Persistent prolongation 
of the P-R interval up to 0.28 second is occasionally found in normal 
healthy persons. It does not appear to be any particular hazard in the 
air. yet one hesitates to accept such a candidate. Under present stand- 
ards they are unfit for aircrew. Cases are known of aviators continu- 
ing a successful and uneventful career with prolongation of the P-R 
interval to 0.25-0.27 second without symptoms or knowledge of their 
condition (Graybiel). Valuable personnel may thus be unnece.ssarily 
wasted if every case with a prolonged P-R interval is rejected from 
aircrew. 

Left or right axis deviation should not entail rejection per se. Fur- 
ther investigation is indicated. Xeither .should slight elevation or de- 
pression of the S-'f segments alone cause rejection, 'fhe whole electro- 
cardiographic picture must be considered in relation to the history and 
the clinical findings. 

T-wuve inversion in Lead III is usually benign. Coronary heart 
disease is rare among aircrew candidates; eonserjuently, if T-wave 
inver.sion is pi-esent in the other limb leads or in the chest lead, other 
causes must also be considered. Usually enough supporting evidence, 
either historical, clinical, the x-ray, or the electrocardiogram itself, can 
be found lo substantiate a diagnosis. The subject of such T-wavc in- 
vcj-sion is usually unfit for aircrew. 

The origin and type of premature beats are readily i-ecognized in an 
electrocardiogram. As slated previously, pi-emature beats occurring 
in runs, or arising from imiltiple focii, oeein-ring at a heart rate above 
110 per minute or incixeising in number aft<'r exei'cise, entail rejection. 
It the 1 wave of the po.stexti’asyslolie contraction is inverted, organic 
heart disease is frequently pre.sent r*" .such a candidate is unfit. Ectopic 
rhythms such a.s auricular tint ter. wlficli with 4: 1 block may easily 
simulate normal rhythm, and auricular tibi-illalion are unfit for air- 
crew. Nodal rhytliin is better rejected. 

In the eai'ly recognition of .silent eoronai'y heart dise,;is(; during the 
third a)id fourth fh’eade.s, routine eleetrocardiogranis on aircrev/ per- 
.sonnel are an itapoHant (liagnostie aid. Onee definite evidence of 
myocardifs! impairment or condm-tion tissue defect is discovered, the 
.subject should be grounded. 

Xr.urnvasriihtr }n.si/ibUit}i . — Fnder the prevailing .sy.slem of volunteer 
enli-sluiciit . nuist eases wit it labile pvilse.s and bbmd pressurc-s arc due 
to nervous excitement iest they may not “make airerev/,’’ the goal of 
tbeir ambition. Jinny otherwi.se aeeeptable subjects have been rc- 
jci'ied and. perhaps, .still are being rejected because, with unstable 
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pulse and blood pressure readings, they have been unable to pass fixed 
numerical standards. Minor degrees of autonomic imbalance manifest < 
in increased vasomotor and sudomotor activity are not associated with 
an increased ‘Svashout” rate in pilot training. 

Marked autonomic imbalance calls for careful assessment of the 
candidate’s temperament and emotional stabilit3^ An emotionally un- 
stable person maj^ learn to fly but does not make good coml)at aircrew 
material. Under the physical and psychic strain of war he is likely to 
break down. Borderline cases are frequent, and skilled psychiati-ic 
opinion is advised before they are accepted. 

The syndrome called neurocirculatory a.sthenia has not been a prob- 
lem in aircrew training in Canada. Several factors are responsible. 

a. Rejection at recruiting level of any person with a history of the 
symptom complex. 

b. Absence of strenuous phy.sieal exercise comparable to infantry 
training. (Routine gymnastics and athletics for “physical fitness” 
form part of aircrew training.) 

c. Volunteer service automatically selects those with good motivation. 

d. Careful appraisal of any case Avith vasomotor or autonomic in- 
stability before acceptance for training. 

The descriptive term neurocirculatory asthenia for the Avell-knoAvn 
syndrome complex is used reservedly. If an accurate evaluation of the 
mixed symptomatology were made in each case, the diagnosis of anx- 
iety state with cardiac neurosis or psychoneurosis with cardiovascular 
manifestations would be more frequently applied. The constitutionall.y 
inferior person, the long and lean individual Avith poor posture, flabby 
muscles, and pronounced vasomotor instability, in Avhoni the psychic 
factor is probably the most amenable to treatment, is another type in 
Avhom the characteristic picture may be found. Others, hoAvever, Avith 
a stronger natural constitution, may break doAvn under physical or 
neiwous strain AAdien the.y have been deAitalized by infection, fatigue, 
or anxiety. -Michael, Avriting on the aftermath of Pearl Harbor, com- 
pares men’s minds to ships Avhich sink Avhen their buoyancy is de- 
stroyed.® The prognosis for the group better endoAA^ed by Nature is 
hopeful, for the cause can be remedied. 

' Fear and anxiety neurosis, hysteria, and reactive depression occur 
during training or under the .strain of opei-ational flights and ai‘e some- 
times referred to the cardiologist because of cardiovascular symptoms. 
The latter may be prominent but are inconsequential. Treatment should 
be directed at the basic disturbance. 

COMJIENT 

In aircrcAv selection, the cardiovascular examination naturally holds 
a prominent place. Perplexing problems arise in assessing the fitness 
for aircreAv of borderline cases. The Avide range of normal values is 
■ becoming. better knoAAm and, Avith this, some “problems” haA’-e disap- 
peared. Still, loss of Amluable material results from too meticulous 
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adherence to fixed standards ; some suggestions are made in this paper 
where judicious relaxation of standards might he made. The utiliza- 
tion of all desirable personnel becomes more important as the drain of 
war on man power continues. To some extent, the fortunes of war 
influence the demand for men and this secondarily atreets the medical 
re.strictions imposed on applicants for training. Poorer phy.sical and 
constitutional tj’pes will become more frequent candidates. A serious 
attempt should persistently be made to exclude tho.se persons with a 
definite neuropathic predispo.sition and the individuals poorly endowed 
by Nature referred to above. They rarely make satisfactory service 
personnel and never good combat aircrew, which, after all, is essen- 
tially "what medical selection for aircrew fitness sets out to provide. 

SUMMARY 

1. Within the cardiovascular examination itself there are many per- 
plexing problems in relation to selection and fitness for aircrew. 

2. Normal cardiovascular function in a stable person vdlhout hi.stor- 
ical or clinical evideiice of heart di.sease was the standard originally 
set for entry for aircrew training. The strain of war demands modifi- 
cation of the standards originally impo.sed. 

3. Personal observations are made on the frequency of normal varia- 
tions in heart size, .shape, and action found in routine examinations on 
aircrew personnel. Some suggestions are made where rela.xation of 
strict standards could make otherwise acceptable persons eligible for 
training, without undue hazard to themselves or to the Service. The 
place of electrocardiography and neurovascular instability in aircrew 
selection is briefly discussed. 


10 
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CARDIOVASCULAR EXPERIENCES IN AN ARMY 
GENERAL HOSPITAL 

Major Reno R. Porter, M.C., Army op the United States 

T his report is a review of the eases of cardiovascular disease seen 
in an Army general liospital. To such a hospital gravitate the 
problem cases, the unusual conditions, cases requiring prolonged or 
special treatment, and other eases for further observation and dispo- 
sition. Since cardiovascular diseases, by and large, fall into one or 
another of these categories, it is logical that a large percentage of these 
cases turning up in the Army eventually find their Avay to a general 
hospital. A revieAv of such eases should be of interest in showing not 
only the types of cases encountered but also the problem of cardio- 
vascular diseases in the Army. 

The material for this review consists of the eases admitted to the 
Lovell General Hospital, Fort Devens, Massachusetts, which is the Army 
general hospital serving the military installations in the New England 
states, upper New York state, and certain overseas bases. This hos- 
pital has been in operation for a little over two years and during this 
time has had approximately 10,000 admissions. Of this number, there 
were 440 cases of ‘‘organic” cardioAmscular diseases and about an 
equal number of “functional” cardiovascular disorders. We have no 
information concerning the Army population from Avhich these cases 
were drawn and hence can give no percentage incidence of these con- 
ditions in the Army. Further, it should be mentioned that, during the 
period covered by this report, the vast majority of the admissions to 
the hospital represented casualties of mobilization and training, few, 
if any, being related to actual combat. 

Except for a few pertinent observations, no detailed analysis of all 
of the data is presented, as such a presentation would be beyond the 
scope of this paper, which is primarily a general survey of the problem. 
With this in mind, the various types of diseases will be taken up and 
brief mention made of any salient features. 

ORGANIC CARDIOVASCULAR DISEASES 

The cases of “organic” cardioAmscular diseases are classified etiolog- 
ically in Table I. 

Rheumatic Fever (59 Cases ). — These cases Avere observed either dur- 
ing the active phase of the disease or during coiiAmlescent care following 
the acute illness elseAvhere. It Avas possible to giAm these patients the 
optimum of care because the duration and type of hospitalization Avas 
determined solely by the activity of the disease without concern for 
the financial or economic status of the patient. TAventy-five per cent 
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Table I 

OnoAATC Cakbiovakcclak Diseases 


Eheumatic fever 51* 

Rheumatic heart uisease IfO 

Ilyjjertension 88 

ArterioselerosiK 3 Oh 

Cardiovascular ?y])hilis 3 

Congenital heart diKC-ase 7 

Dysfunction of rliythm or conduction 34 

iliscellaneouH cardiac diseases 15 

Miscellaneous vascular diseases 35 


of. the cases shotved et'idences of residual valve deformities at the 
end of their illness, hut it i.s quite possible that some of 1he.se cases 
had A'alvular lesion.s prior to the current attack of rheumatic fever. 
The dispo.silion of these ca.ses varied tvith the individual case. Many 
of them were jilaced on limited service foi- three to six months and 
then returned to full duty. Others were discharged from the. Service, 
particularh' if they gave a history of frerpicnt attacks of rhcurnafic 
fever or had residual valvular damage. A few in this latter group 
were retained on limited service if they were particularly valuable in 
their jolis. In recent months limited .service duty Ims hcen for the.-, 
most part abolished, so that now we are discliarging almost all of 
the.se men, retaining only a few who can he rehalulitated to fjill service 
within a .short while. 


Uhcumaiic Heart Disaane. (00 (Jasfs). — Thf^' ca.ses imd been disco^’crwl 
‘luring routine examinations or hospitali/.ation after entrance into the 
Army. None of them had had any acute iline.ss in the Anny, which 
could he considered rheumatic fever in any form. In our opinion, all 
of the.se lesions were present prior to Army sio'viee aiul were unrecog- 
nised at the time of entrance examination: hence, they can he placed 
in the class ol “i>reventahle” cardiac casualties. However, they rej/- 
reM-n‘ le.'is tlian 1 per cent of the total hospital admissions, .so it is a 
relatively small grou]) in tlie total number of easualties. I.'nder the 
eoTiditions existing in many induction stations, it is not .surprising tlrat 
some le.sion.s are overlooked and are subserjuenf ly di.seovered only dur- 
ing the leisure and quiet of a hospitai nr clinic. We feel that the 
^ereeIJjng out of valvular heart di.sease has iieen well accompli.shed 
during tlie jjresent mohilizatioii. Of particular interest in this group 
<^‘3 patieuls were the observations Ibat 40 ])er eent of the cases had no 
.synjpiom.s of neai't disease, even ^luring active militarv service, atul 
jlou (JO per- eeJii Ol the cases were discovere*! incidentallv during roii- 
iine e.'Jiminat joiis or rvliile hospitalized for some othej' condition. Three 
cases had siiperimpo.sed subacute haeteriai eiidocardifis. Practically 
all of the eases m thi.s grouj) were flispiised of by ‘li.Hcharge from the 
Service. 


I! ijpertfnRhn fd 
tloe blood pressure 


f'a.se.f;;,— Tlie evaluation of abnonnal eicvfjtions of 
nas pre.sejjted qnife a jir/zhlem, jint only in the vein- 
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tive .number of cases involved, but also in regard to disposition. The 
Army has specific standards of blood pressure values, but the difficulties 
arise in judging the significance of any particular blood pressure deter- 
mination. This may vary considerably in the same person, depending 
upon the circumstances of the examination, so it is largely a matter of 
opinion as to just ■which patients should be considered as having hy- 
pertension. Many individuals will show abnormal elevation of the 
blood pressure on initial examinations, but, subsequently, will have 
normal pressures following varying periods of normal aeti'^dty, re- 
stricted activity, or complete bed rest. However, the more restriction 
required to produce lowering of the pressure to normal, the more ab- 
normal becomes the individual’s existence, under which circumstances 
the blood pressure values are of questionable significance. Since an 
arbitrary line must be drawn somewhere, it has been our policy to haA>-e 
those patients under observation for hypertension on an ambulatory 
status but resting in bed for one-half hour prior to determination of 
the blood pressure three times daily. If, under these circumstances, a 
patient had a persistent blood pressure above 150/90, he Avas consid- 
ered to have hypertension. Those patients Avho had nonpersistent 
eleA'ations of the blood pressure Avere classified as “vasomotor disturb- 
ance with tendency to hypertension,’’ a group that will be taken up 
later under functional cardiovascular diseases. Of the 88 cases of 
hypertension, 19 patients had Amrying degrees of cardiac enlargement 
and Avere considered to have liypertensiA’-e heart disease. Most of these 
Avere mild to moderate in degree, Avith only a few in the stage of frank 
congestive heart failure. Four of the eases of hypertension Avere asso- 
ciated AAdth chronic nephritis, one Avas associated Avith polycystic kid- 
neys, and four Avere of the “malignant’’ A’^ariety. One of these latter 
eases came to post-mortem examination and Avas found to be on the 
basis of healed periarteritis nodosa, particularly marked in the kidneys. 

Arteriosclerosis . — As might be anticipated, this condition AA^as found, 
for the most part, in the older age group of commissioned and noncom- 
missioned officers. It occurred as a primary diagnosis in 109 cases, 
47 of Avhieh Avere con.sidered to have generalized arteriosclerosis uncom- 
plicated by heart disease. Some in this latter group presented symp- 
toms referable specifically to the cerebral or peripheral circulation and 
others shoAved eAddences of generalized deterioration, but, for the most 
part, the arteriosclerosis Avas not out of proportion to the patients’ ages 
and was not incapacitating to any significant degree. There Avere 18 
cases classified as haAung arteriosclerotic heart disease, as manifested 
by symptoms of cardiac disease (exclush’-e of chest pain) out- of pro- 
portion to their ages. TAventy eases Avere considered to have true 
angina pectoris. One of these Avas of particular interest because he Avas 
only 24 years of age, gave a classical history of the disease, and had 
other findings consistent Avith hypercholesteremia. There Avere 24 cases 
of coronary- occlusion AAuth myocardial infarction, as cAudenced by 
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classical histories and characteristic electrocardiographic findings. 
Three of these cases are noteworthy because their ages were 21, 24r, and 
30 years, respectively. The disposition of all of these cases was largely 
an individual problem. If the condition was considered to be service- 
connected and if the individual urns particularly valuable in a specific 
sedentary position, he was retained in the Service. Otherwise, they 
were separated from the Service. 

Cardiovascular Syphilis. — ^This was a relatively rare condition, occur- 
ring in only three eases. Two of the.se had simple, uncomplicated aortitis, 
and the third had aortic insufficiency with cardiac enlargement. The 
decrease in cardiovascular .sj-philis in general, due to more adequate 
treatment and the routine induction serology \vhich identifies and sepa- 
rates the sjTihilitie pei-son, probably explains to a large extent the rela- 
tively infrequent occurrence of this condition in the Ai-my. 

Congenital Heart Disease (7 Ca.^es). — There "were two cases of coarcta- 
tion of the aorta, two eases of complete dextrocardia, and one each of 
patent ductus arterio.sus, interventricular septal defect, and bicuspid 
aortic valve. The latter ease had superimposed .subacute bacterial endo- 
carditis. 

Dysfunctions of Rhythm or Conduction (34 Cases). — These occurred 
as incidental and i.solated electrocardiographic findings in patients with 
othenvise normal hearts. There were thirteen cases having vaiying de- 
grees of auriculoventricular or intraventricular block, two of the latter 
belonging to the so-called “Wolfe, Parkinson, White syndrome.” Tw’clvc 
eases had arrhythmias due to either auricular or ventricular premature 
beats. There were six ca.ses of idiopathic auricular fibrillation, two eases 
of paroxysmal tachycardia, and one case of auricular flutter. 

Miscellaneous Cardiac Diseases (15 Cases). — Tliere were six ca.ses of 
isolated pericarditis; two w'ere purulent in type, two were tuberculous 
in origin, and two wx-re of the so-called “idiopathic” variety. Cardiac 
enlargement of undetermined etiology was found in five eases, all of 
which showed significant enlargement of the heart on physical examina- 
tion and by x-ray studies in young adults without hypertension and 
without other evidences of cardiova.scular disease. Thcix -were three 
ease.s of tniumatic heart disease, two involving foreign bodies in the 
heart, and one of myocaidial contusion. Tlieix was one ease of acute 
bacterial endocarditis .secondary to a lobar pneumonia. 

Miscdloncous Vascular Lesions (35 Cases). — There were twelve cases 
shoujng peculiar va.sosj)astic changes in the fingers, which we placed in 
the category of Haynaud’s phenomena. It occurred in individuals who 
previou.sly had had no difiiculty until they were stationed in cold eli- 
nnites. The in\-olvcincnt varied from a i)orlion of one or two fingers to 
the entire hands, atid the disturbance tended to subside on return to a 
more temperature eJimate. While the involvement varied between indi- 
viduals. it wa.s quite eon.stanl for each patient and eould be reproduced 
i)y ihnneiNing the hand.s in ice-cold water. There were eleven nanes of 
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venous thrombosis, ten of them in the nature of thrombophlebitis and 
one of them traumatic in origin. Five eases had so-called “causalgia” 
and three cases had thromboangiitis obliterans. There were four cases 
of arteriovenous fistula, two congenital, and two traumatic in etiology. 

FUNCTIONAL CARDIOVASCULAR DISORDERS , - 

Some mention should be made of the large group of cases classified as 
“funetionar’ cardiovascular disorders. It consists of those individuais 
who were hospitalized or came under the observation of the cardiovascu- 
lar consultants because of s^^nptoms or signs suggestive of cardiovascular 
disease. In many eases, the sjTnptoms were of sufficient degree to in- 
capacitate the individual. After thorough studies, all were found to 
have no e\ddences of organic cardiovascular disease nor any disturbances 
in cardiac rhjdhm or conduction. The exact number of these cases is not 
tabulated, but their number approached that of the cases of “organic” 
heart disease. They presented a tremendous problem in diagnosis and 
disposition. Time does not permit an adequate presentation of this prob- 
lem, however, and our data on it are not completed, so only a few salient . 
points Avill be given. 

N exirocirculatorij Asthenia — Psyclioneurosis . — These two conditions, 
which represent the vast majority of the functional disorders, are 
grouped together because there is, as yet, no clear separation of the 
various conditions classified under one or the other of these designa- 
tions. The question as to how much is psychogenic and how much is 
physiologic in the etiology of these conditions, is still the subject of 
numerous discussions and extensive investigations. In our experiences, 
most of the cases designated as neurocirculatory asthenia presented 
definite psyehoneurotic traits, usually of the anxiety type. In only 31 
cases did we make the diagnosis of “classical” neurocirculatory as- 
thenia on the basis of the association of the symptoms exclusively with 
effort. Even some of these had certain psychoneurotic tendencies and 
the diagnosis was not without que.stion. By far the greater number 
had symptoms at rest as well as on exertion, and they usually occurred 
in attacks during certain “settings.” A few eases of cardiac neurosis 
were encountered which we considered distinct from both neurocircu- 
latory asthenia and psychoneurosis of the anxiety type. Regardless of 
the specific designation of these cases, practically all of them were in- 
capable of performing any useful service in the Army and, therefore, 
were separated from the Service. Efforts to rehabilitate these men met 
with uniform failure. A rare case with postinfectious type of neuro- 
circulatorj" asthenia was restored to full duty after a conditioning period. 

Vasomotor Bisturhance With Tendency to Hypertension. — This group 
consisted of those patients, 81 in number, under observation for hyper- 
tension, who did not show a persistent elevation of the blood pressure 
above the normal limits. It is the class of individuals sometimes desig- 
nated as “prelnqDer tensive.” In the usual case, the blood pressure was 
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found elevated to a])nonnal levels during a routine examination but 
subsequentlj' retumed to nonnal levels aftei- varying ])eriods of hospitali- 
zation. Few had symptoms usually associated with hjqjertcnsion, hut 
many of them presented various complaints, usually psychogenic in char- 
acter. In the majority of these ca.ses the neuroi).sychiatric consultant 
made a diagnosis of i)sychoneui'osis. more commonly of the anxiety type. 
Most of these 7)atients were incapacitated for any useful service because 
of psychogenic .s^unptoms, but a few, however, were retunicd to lirniteil 
sendee in positions where there rvere no particular stresses or strains. 

There were a few patients without .symptoms who were hospitalized 
because of cardiac murmur's considered to be of organic origin, but 
which we interpreted as functional in natures The.se were returned to 
duty after being given reassurance as to their cardiac stntus. There was 
also a small group of patients who had .symjrtoms suggestive of heart 
disease which wei-e found to he on the basis of extraeardiovascular con- 
ditions, .such as obe.sity, pulmonai-y disease, etc. 


COMMENT 

An interesting variety of cardiovascular diseases is seen in an Army 
general hospital. They rcpi-esent only a small j)ortion of hos])ital ad- 
mi.ssion.s, but the problems involved in these eases are numerous and 
stimulating. Unfortunately, most of the cases are not amenable to rfisto- 
ration to full sendee duty and the cardiovascular consultant is more con- 
cerned ndth the evaluation and di.spo.sdtion of cases than he is udth actual 
therapeu.sis. Nevertheless, this function of identifying and separating 
the potential cardiovascular casualties is a very imjioiinni one to the 
Army, 



CARDIAO PROBLEMS IN A STATION HOSPITAL 

Lt, Col. Morton G. Brown, M.C. 

Fort Devens, Mass. 

T he distribution of cardiac i^robleius in the Army is different from 
that in civil life in that young people are predominant in the 
Service, and the examination at induction centers eliminates, for the 
most part, the group with organic heart disease. 

During tlie course of a twelve-month period, there were only tliirty- 
six soldiers who were .discharged from tlie Army at the Station Hos-' 
pital, Fort Devens, Massachusetts, because of organic heart disease. 
Twenty-three had rheumatic valvular damage; seven, congenital de- 
fects; three, paroxysmal arrhj^thmias ; one, syphilitic aortic regurgita-. 
tion; one, subacute bacterial endocarditis, and one, angina pectoris.; 
In view of the fact that all selectees in New England come to the recep- 
tion center at Fort Devens, this small number emphasizes the excellence 
of the examination in reference to the heail done at the induction 
stations. 

Coronary and Hypertensive Heart Disease . — As a result of dealing 
Avith young people, the problem of coronary and hypertensive disease 
plays a minimal role. Although no exact figures are available, it is an 
impression that the incidence of degenerative disease, even in the older 
age gi'oup, is less than in civil life. This, too, may be due to the selection 
of personnel. It is to be noted, however, that these diseases occasionally 
do occur in the young. We had one soldier 19 years of age Avho de- 
A'eloped a coronary thrombosis with myocardial infarct, and subsequently 
showed congestive heart failure and died. Similar incidents have been 
reported from other army installations. It must be emphasized that 
apparent good health and youth should not preclude the consideration of 
the degenerative diseases in the presence of a clinical picture. 

Acute Rheumatic Fever . — The clinical picture and course of acute 
rheumatic fever in the Army are no different from that generally de- 
scribed. One is impressed, howcA^er, by the large number of antecedent 
sore throats, and by the fact that more than 50 per cent of the patients 
present themseHes in the first attack. Patients AAith rheumatic fever are 
a special problem for the Army, as to both their care and their dis- 
position. 

The soldier is kept in bed until all clinical signs of activity have 
ceased, and the sedimentation rate has reached, or approached, normal. 
Then there folloAvs a period of supervised graduated activity until the 
patient is able to stay, up all day and participate in mild exercises. 

Those soldiers Avho are admitted in an acute attack and shoAV CAudence 
of residual damage at the end of their coiiA^alescence are discharged from 
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the Ser%-iee. Tlic Surgeon General has not established a poliey v/hidr 
requires the discharge of men who have an attack of rlieuiiiatie fever in 
the Army because they have a histoiy of attacks of rheumatic fever in 
ch'il life. I believe, however, that they are poor ri.sk.s', despite the evi- 
dence that they are not likely to develoi> organic valvular damage with 
their Tccurrent attacks.’* ^ 

The group of soldiers who .show no heart di.sea.se at the end of con- 
valescence from their first attack are given a one-month siek fiirlotigh, 
and brought hack to the hospital for further examination before return 
to duty. The Surgeon General in a recent directive ha.s indicated that 
individuals may be retained in the Army who have apparently fully 
recovered, but they should not he eon.sidered as pualified for full mili- 
tary duty until a period of .six months has elapsed.'' 

Inasmuch as the final evaluation of the state of the valve.s must he 
delayed for .several yeurn after ats attack of rheumatic fever, an arhi- 
trary period of observation is designated to eliminate the greate.st mnn- 
her who are likely to develop organic valvular damage. The pro- 
cedure outlined, no doubt, returms to duty .some soldiers v.ho will .siih- 
sequently develop organic valvular fhunmrf'. If is fell, liowever, that 
the health of the individual is not jeopardized .since he will he .subject 
to con.stant medical supervi.sion. It has been pointed out previously 
that 50 par cent of X)atienf.s sbov/ed no evirlene'* of heatf disease folhnv- 
irig acute rheumatic fever/ As follo%v-up sludie.s are not available a.s 
yet on the groux> wdio were discharged to duty, it is not po.ssihJe to stale 
whether this continues to bold. 

N fiV.rocirculntor]i Asithe.mn. — ^Dysxuiea, jmlpilation, ea.sy fatigue, and 
jjrecordial pain without organic basis Is a .symf)foffi eomplex familiar to 
all. In a tweh'c-monfh p(;riod there were over ttOO soldiers w'ifh the .syn- 
drome at this In/Hfufal ^nearly ten times as many as those with organic 
heart, di.sea.se;, Thei-e .are, of coui'se, all ynidations f>f severity, from the 
.soldier who }]a.s .synif^tom.s at re-st. to the one who oan jxirfonn light 
duties, from the soldier who eowidain.s alnurst irnniediately on arriving 
at camp, to the one who manatres; to earry out part or a!! of Ids basic 
training. 

One u-sually find.s that the .symptom.s date back mruiy yeats. In Ihift 
group only two or three s'ddiem deveJojjcd Hpnptojnfi for the first time 
,'ifler being in the Army. ^lost of thc-se men have somatie complaints 
el.sewliere in the body, but the .symptom.'? referable to the heart corro 
Xdetely overshadow the-f-. Although .some of the soldiers elairn that they 
do not kno%v what ails them, the majority -.vili relate that xjhysieians 
had told them at one time that t.hef<'- v.'a.s something the matter with 
their he.irts. 

Tlte p.syehiatric approach to thi.s problem J'eveals the faet that we 
are dealing with unstable individuals who make a poor adjustment Ui 
civilian life. Since it h felt that the.se patients are jesyehoneurotic 
and are obviously con.rtittilrorsr;!iy inferior, I am hi complete accord 
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witli Dr, Paul D. White who feels that they should never he admitted 
to the Army even if the condition is mild.® The major problem for the 
psychiatrist at the induction centers is to recognize the men wdth con- 
scious motivation. 

An attempt Avas made to return mild cases to duty or to adjust their 
duties to their capabilities. For the most part, hoAvever, these soldiers 
exerted a demoralizing effect on any unit to Avhich they Avere attached. 
They could not do calisthenics, hike, or do laborious Avork. They re- 
ported to Sick Call frequently. In this Avay they interfered in almost 
eA^ery training program. Moreover, Avhen a group of soldiers recog- 
nized that one member Avas apparently excused from some duties, those 
symptoms resulting in the excuse became just as contagious as the 
exanthemas. 

Soldiers Avith this condition should be separated- from military sei'Av 
ice unless they liaA^e special training to peidorm a sedentary job, and 
can do it Avithout symptoms. The loss in man poAver resulting from 
such a program aauII be more than compensated for by the quality of 
Avork of the remaining soldiers. 


SUMMARY 

The picture that I have given of cardiac problems at the Station Hos- 
pital at Fort Devens is probably the same for all hospitals sei’ving troops 
young in their Army career or in noncombatant branches. As the train- 
ing program becomes more scA^ere, most cardiacs (organic or functional) 
fall by the Avayside. 

The situation could be called ideal if AA'e had only cases of rheumatic 
fever and degeneratiA^e diseases to report. The presence of the large 
number of soldiers AAuth neurocirculatory asthenia is a challenge to the 
examining physicians at induction stations. 
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HEAET DISEASES AND DISORDERS AS CAUSES I'OR 
EVACUATION FROM THE SOUTH PACIFIC 
CTBIBAT AREA 


Captain' Howard B. Si'Raoue, M.C., U.S.N.R., and 
I/r. CoiiiDR. SYL^^•:sTER ]\IcGinn, M.C., U.S.N.R. 

A RECENT report ol 900,000 rejections for military sen-iee shows 
cardiovascular diseases as third in importance (96,000), being 
surpa.ssed onlj* In* dental defects (188,000) and defective eyes (123,000) 
as causes for refusal of enlistment. The puri)ose of the jiresent study 
was to determine the adequacy of this screening, as shown hy the ap- 
pearance of cardiovascular disease as a cause for evacuating military 
and naval personnel fium the combat ai’ca of the Solomon Islands and 
adjacent wateiN. The basis for the analysis is the experience of the hos- 
pital ship, U.8.S. , in transporting sick and wounded from 

this area from July 1, 1942 to July 1, 1943, and the experience of a Naval 
Base Hospital in New Zealand from Sept, 8. 1942, to Sept, 13, 1943. 

In this year, 9,085 new patients or single readmissions (Aniiy, Navy, 
and Marines) were admitted to this ho.s 7 >ital .ship, while there were 13,000 
total admi.ssions to the Base Ho.spital,® The senior author was not at 
that time attached to the ship hut to the shore hosidtal in Xeiv Zealand 

to which the U.S.S. evacuated 993 of the.s'e patients. The 

records of the. patients transported on the hosj)ita) .ship have been con- 
sulted, and the information added from further observation on the ship 
has been critically reviewed by one of us ('JJ.B.S.), from the .standpoint 
of a cardiologi.sl. while those in the Ba.se Hospital Imve been analyzed 
by the other (8.1^1.). 

As would bt; expected, a certain number of men wlio had become in- 
cajjacitated, and in whom the cardioi'a.scular .system was erroneotisly 
incriminated, were evacuated fi-om the forward areas without oppor- 
tunity for adcfjuate .study, and the atlemjil lias been made to analyze the 
data to an-is'c at the correct diagnosis. Such an attempt is not without 
danger of inaccuiacy but it is believed that the results arc ai)pro:<i- 
Uiately eorreel. 

nOSPITAI, .SltlP KXPKRIENCE 

The original admission diagnoses to the ship are .shown in Table 1. 

It i.s obvious that even if ail of these paiient.s had been .stiffering from 
cardiovascular di.sease, the i)erccjitage *'vaeualed from this cau.se i.s* very 
.small ; but the o})servations made while tljc jiatients were aboard the bos- 

Th(.- oiiinl'iT}*- <jf cenUtin*-'! in Uil”. ariiclf ar<- ttif iirivtiU: orif:." of Ifi" 

ritiUi'tr'i .'tri'l .'ir- not t<» ron.*>trina rm ofUci.il or t--!U-riinK ti»>‘ vU’v/m of t!i<- Navy 

rOti' jii or thr: Nftval Sorvifi: at Jnrge- 

*Th!* C.eurr from the Tir-.rr JU/'Tiitjil in th/- totai niinib'-r at .•HhijjK-.'iori.ii ftH'i infJu't' • 
rt-aflnii?#Son.- in .-afh if ri'tv Tix- af.’tu/il /lUfiiO'.r of in<l!vi/5na!'! 

?><- .'o.’ttf wi.nt lovr/ r ; fij-ijn- is not fiVailaW'- at titr fnottitXil. 

.'iOS 
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TjVBLE I 


VAmTJLAK DISEASE 

DIAGNOSIS 

NO. 

UNDETERMINED 

Valvular heart disease 

1 

11 

Myocarditis, rheumatic 

. 1 

1 

Carditis, rheuuiatic 

2 

2 

Endocarditis, acute 


2 

Endocarditis, chronic 


1 

Subacute bacterial endocarditis 


1 



18 

degeneratut: heart disease 

Hj'pertension 

1 

20 

Myocarditis, chronic 

2 

9 

Angina pectoris 

3 

11 

Thrombosis, coronary' artery 
Arteriosclerotic lieart disease 

2 

7 

1 

1 

Coronary heart disease 


2 

Arteriosclerosis, coronary 


1 

Cardiac asthma 


1 

52 

MISCELEANEOUS 

Effort syndrome 

2 

14 

Tachycardia 

2 

12 

Cardiac arrhythmia 

i 

4 

Cardiac neurosis 


2 

Hypotension 


1 

33 

Total cardiovascular cases* 


103 

Percentage of total cases admitted 


1.13 


•The records of two other patients were not available. They are not included in 
the series. 


pital ship resulted in modifications of these diagnosis as sho'vvn in Table 
II. Such changes in diagnosis could not always be made prior to evacua- 
tion from the ship to a shore base hospital, due to the short time the 
patients were aboard, and they represent the personal opinion of the 
senior author. 

It is concluded that the reasonably well-proved incidence of cardio- 
vascular defects causing admission to this hospital ship from the combat 
area, of the Solomon Islands, and as far south as New Caledonia, is 
0.6 per cent. 


NAVAL BASE HOSPITAL EXPERIENCE 

At U. S. Naval Base Hospital , in New Zealand (originally 

designated U. S. N. Mobile Hospital), patients were received from vari- 
ous hospital ships, transports, occasional combat ships, local marine and 
naval establishments, and from another base hospital in this countrjL 
Two important modifying factors are present: one is the higher inci- 
dence of recurrent malaria with readmissions from local marine estab- 
lishments, and the other is the longer period of observation which was 
possible in the hospital as contrasted "with the few days aboard the hos- 






Tablk II 


VAMTJLAT. HEART MSE^VSE 


CHANGES IN 
DIAGNOSIS 


rKOVIU) 

CASES 


Valvular heart disease of all tj'pes but pre- 
sumably of rheumatic origin. In no case 
were the findings typical. The heart was 
negative by x-ray in 3 , and no x-ray was 
made in 1) 

Other conditions originally diagnosed chronic 
endocarditis or vahailar disease: 

Chronic bronchitis 
Bronchiectasis (?) 

Myalgia of chest wall 
Recurrent malaria 
Effort syndrome 

No cause for diagnosis discovered 
but no evidence of heart disease 


Acute endocarditis (proved by autop.sy) 

Acute endocarditis disproved 

Subacute bacterial endocarditis di.sproved 


dege.verative caruiovascl'Eau disease 


Arterial hj'pertcnsion 
Other conditions originally 
diagno.sed hypertension: 

Fatigue 

Anxiety neurosis 

Recurrent malaria 

Arthritis of spine 

Chronic nephritis 

No hypertension or other disease 


Coronary lieart di.sease 
Arterio.sclerotic heart disease 
Arteriosclerotic heart di.«easc 6riginal]3' diag- 
nosed hut no confimiatorv eridence. SjTup- 
toins con.sid(?rcd due to heat exhaustion and 
salt loss 

Coronar.v thromhosi.s 
Angin.a pectoris 

Angina itectoris originalh- diagnoscfl but not 
characteristic and sj'mptoms considered 
due to; 

Anxictv' neurosis 
Neurocirculatoiy a.sthenia 
Probable arthritis of .‘■•pine 
^falaria 


Cardiac astlima — negative hr-jirt examination 
and considered allergic in ri-pe 
Mj-ocTirditi.s — in only one in.ofania* wa.s the 
diagnosis of heart disiNtse confirmed and file 
propi'r diagnosi.s of coronarv- hejirt diwa.“e, 
arteriosclerotic, i.s preferable 
Other conditions originalh' 
diagno'-ed mj'ocjirditis were; 

Varicose veins and extrasj'.stoie.s 
Varicose veins and respiratory infection 
Obesity 
Jfrtbiria 

Vague ditett |»;iin of alt'jiical nature 
Auricular fibrillation from severe 
cntiibat injnrv' to chest 
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Table II — Cont/d 


FUNCTIONAL CARDIAC DISORDERS 


, CHANGES IN 
DIAGNOSIS 


Effort sj’^ndrome or neurocirculatory asthenia 
Other conditions originally diagnosed 
effort syndrome: 

Fatigue combat 2 

Fatigue combat and malaria 1 

Probable paroxysmal tachycardia 1 


4 

Tachycardia, simple — ^but found to be due to : 

Anxiety neurosis 1 

Neurocirculatory asthenia 1 

Fatigue and recurrent malaria 4 

6 

Paroxysmal tachycardia (none proved but 
with characteristic history) 

Extrasystoles 

Auricular fibrillation (probable) 

Auricular fibrillation (proved by EGG) 
Hypotension (not confirmed on the ship but 
associated with recurrent malaria) 1 


PROVED 

CASES 

13 


5 

2 

1 

1 


SUMMARY (PROVED CASES PLUS FOUR CORRECTED DIAGNOSES) 


Valvular disease and acute endocarditis 5 

Functional cardiac disorders: 

Effort sjmdrome and neurocirculatory asthenia , 16 

Paroxysmal tachycardia 6 

Premature beats (extrasystoles) 2 

Auricular fibrillation 2 

Degenerative cardiovascular disease: 

Arterial hj'pertension 6 

Coronary heart disease 6 

Arteriosclerotic heart disease (questionable) 1 

Coronary thrombosis 4 

Angina pectoris 7 


55 

Patients admitted with established diag- 
noses of, or suspected of ha-\’ing, cardiovas- 
cular disease but considered not to have 

these conditions* 48 

Percentage of total evacuated patients prob- 
ably attr ibutable to cardiovascular disease 

♦Discrepancies between figures in this group and those in Table I are due to 
changes of diagnosis during observation aboard ship but do not alter the percentage 
of patients finallv determined as having true cardiovascular disorder. 


pital ship. It will be seen, however, that the independent study of the 
two authors confirms the approximate incidence of cardiovascular disease 
in the South Pacific area. 

The discharge diagnoses from the Base Hospital are shomi in Table 
III. 

Rheumatic Fever . — A comparison of the incidence of rheumatic fever 
aboard the hospital ship and at the Base Hospital shows 22 cases on the 
former (0.24 per cent), and 14 cases at the latter activity (0.1 per cent). 
It is considered that the former figure is too high and only an approxi- 
mation, since prolonged observation is often necessary to establish this 
diagnosis, and study with the electrocardiograph and sedimentation rate 
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Tabi-e Iir 


I.VKEOTIOXS ANI> COXOEXlTAr. HEART IIISEASE 

Valvular heart diVea.'fc 


7 

Mitral insufficiehev 

•J 
• » 


Mitral stenosis and insufiieicnev 

1 


Aortic stenosis 

1 


Aortic and mitral stenosis and iiisuflicicncv 

it 


yi voeard itis — ehroni c rlieumat i c 


1 

Acute bacterial endocarditis 


1 

Congenital he.art disease — interaurieiilar 



septal defect 


J 

DEOEXERATIVE IIEAItT IlISEAKE 

Arterial hypertension 


2.0 

Tlironibosis of coronarv arterv 


*» 

Coronary heart disease 


5 

Angina pectoris 


1 

FUXCTJOSAL CAliUJAC DI.SOKBKKK 

Effort syndrome 


23 

Tfichvcardia 


12 

Paroxvsmal auricular tachvc.'irdia 


•t 

Auricular filirillation 



Premature beats (extrasystoles) 


2 

Total 


8H 

Percentage of cardiovascular cases 



in 1, '1,000 admissions 


0.07 


is difficult, if not impo.ssil)le, at sea, 8ueli studies weie undeHaken at 
the Base Hospital and showed a low incidence of rheunialic fever, hut 
confirmed other observations of the occurrence of rheumatic fever in the 
tropics. All attacks in patients on tlie ship appeared in the lroj)ics, as 
did most of those in the Base Hospital, althou<rh some appeared in per- 
sonnel stationed in New Zealand. 

It is of interest tliat the admission rale of adults with rheumatic fever 
to the WelliiiKton Public Hospital, Wcllin'^on, New Zealand, in the 
yeaJ‘s 1039 to 1942 is 0.3 per cent in spitf; of a wet, windy, cold climate. 
The admission rate for children is 0.9 percent,® 

ni.scEssrox 

Tliis analysis empliasizcs a few practical points. Though it may 
mc.ntioJi certain diaRUnstic errors, it must he considered in no sense 
a criticism of the dia^niostie cfi’orls of the combat medical fifficers. 
The authoi*s arc lully avare of the difficulties of such duty, and of the 
necessity for the use of the term ‘‘diaf^nosis nnfielerinined” in many 
instances. However, when under the stre.ss of battle or the burden of 
tropical exposure and malaria, the heart i.s apt to be blamed for fatitrue 
and a multitude of chest complaints of which it is not culpable. The 
nta.ior reason for avoidinp lujprovffd cardiac diagnoses is to prevent 

•Firtin-j. thr»rti>U« th» of Dr. J. O. Mrror-r aniS Ern<*ntir.'T Wirl- 

t)t IVithi-an^jj-, V.'f-mnrt'jn Hospital. 
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accentuating cardiac neurosis and heart consciousness Avliich are so 
prominent in rehabilitation problems. 

Yalvular heart disease has been rare in our experience, eleven cases 
in over 22,000 observations. Surely the elimination of men with this 
condition has been satisfactorily accomplished at enlistment, induction, 
and training centers. The problem of screening out those with a past 
history of rheumatic fever is far more difficult, but the recrudescence 
of the disease, under conditions of exposure, even in the tropics, makes 
such an attempt advisable, as suggested by Master.* Certainly men 
developing rheumatic fever in the Service should not be retained except 
under unusual circumstances. The increasing importance of it in train- 
ing areas has been recently pointed out by Dr. T. Duckett Jones. 

Greater caution should perhaps be employed in the elimination for 
overseas duty of men iii the older age periods. Most cases of persistent 
hypertension are found in the older men. On the hospital ship, five 
out of eight were over 35 years of age, and of these three were chief 
petty officers and one a warrant officer in their forties and fifties. The 
emotional hypertension of combat conditions in younger individuals 
usually responds rapidly to rest and freedom from responsibility in a 
noncombat area. When it does not, and the physical and laboratory 
findings are normal, a deeper anxiety state must be suspected, and the 
man must be evacuated home as he will probably not be efficient in 
the combat area again. 

The age of patients on the hospital ship, with the diagnosis coronary 
heart disease and angina pectoris ranged from 40 to 53 years. The 
ages of those with coronary thrombosis were 37, 42, 48, and 49 years. 
Angina tended to be overdiagnosed in various fatigue and anxiety 
states in young individuals and the final figure of those on the ship 
may even be too high. 

The inaccurate portmanteau diagnosis myocarditis was overworked. 
It should not be used to mean coronary heart disease nor as a catchall 
for various sorts of vague chest and respiratory symptoms ; but, if used 
at all, it should refer to an infiammation of the heart muscle as seen 
in rheumatic fever or diphtheria. It is usually a diagnosis which ob- 
scures rather than enlightens. 

Effo7't Syndrome and Neurocirculatory Asthenia are less frequent than 
in World War I. Sufferers from these conditions appear to be better 
eliminated early during recruiting or training. Gastrointestinal dis- 
order appears to be the organ neurosis of World War II. 

Sinus tachycardia usually means anxiety, fatigue, heat exhaustion, 
anemia, or malaria. No case of thyrotoxicosis has been seen. In cer- 
tain instances, however, sinus tachycardia has persisted without ade- 
quate explanation. Such patients, like those with persistent unex- 
plained hypertension, are no longer valuable in a combat area. 

♦Comdr. Arthur M. Master, M.C., U.S.N.R., Rheumatic Fever in the Navy, U. S. 
Nav. M. Bull. 41: 1019, 1943. 
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SUMMARY AND CONCLUSIONS 

During the period July 1, 1942, to July 1. 1943, 9,085 patients {Array, 

Navy, and Slarines) M’ere admitted to the hospital ship U.S.S. , 

acting as an evacuation ship for casualties from the Solomon Islands, 
New Hebrides, and New Caledonia. In this year, only 55 patients were 
found to he suffering from valvular heart disease, degenerative heart 
disease, or functional di.sorders of the heart. This is an incidence of 
0.6 per cent. Forty-eight other.s, in Avhom cardiovascular disease was 
suspected, \verc found to have no evidence of such disorders hut were 
suffering from other conditions, usually anxiety, fatigue, and malaria, 
with indefinite phy.sical signs and .sjnnptoms, Twenty-twn patients with 
rheumatic fever were evacuated during this period (0.24 per cent), 

Dui’ing the same year, 13,000 admissions (including all readmissions) 

were made to U.S. Naval IMohile ITo.spital (later U.S. Naval 

Base Hospital ), in New' Zealand. A similar .study .show's that 

88 patients were suffering from organic, or disabling functional, car- 
diac disorders — an incidence of 0.67 per cent. Kheurnatic fever oc- 
curred in 0.1 per cent of the total. 

Typical effort syndrome and neurocirculatory asthenia, while still 
important, appear to he le.ss common than in World War T. Part of 
this is due to these .syndromes, being absorbed into neuropsychiatric 
diagnoses w'ithout emphasis on the circulatory system, How'cvcr, even 
in such iustances, w'e have been impre.ssed with the relative infrequency 
of the classical picture of cardiovascular instability as the presenting 
and disabling symptom complex. 

This survey indicates that elimination of men w'ith heart ailments is 
being sati.sfactorily accompli.shed in enlistment, recruiting, induction, 
and training areas.® Somewhat greater caution .should be ob.serv'ed in 
assc.ssing the cardiovascular status of oldc!' men in the determination 
of fitne.ss for overseas and combat duty. The unsubstantiated diag- 
nosis of cardiovascular disease in naval and military personnel on 
comliat duty, and e.specially in fatigue states, .slunild be avoided to 
prevent the development of cardiac neurosis and invalidi.sm. 


*lt pb'iuM I;*- r-olnd thiii tht- (iKVff.?. in tUlit p.-ijKrr ar'; J«rvfJy on nn 

crij.jfuny FcU-cted. voluntwr troop.*, i.>re>->n'J<.T»nUy uuiritif- ftnd riava) 
ptryonr.'-!. In whons rhould Jk- minimal. 



SOME PRACTICAL ASPECTS OF THE RHEUMATIC FEVER 
PROBLEM WHICH HAVE AN IMPORTANT 
BEARING IN MILITARY MEDICINE 

Benedict F. Massell, M.D., and T. Ducktitt Jones, M.D. 

Boston, Mass. 

G eneral interest in rheumatic fever in the past few years has de- 
veloped in proportion to the increased practical knowledge of the 
disease. However, for many years, we have lagged sadly in the de- 
velopment of programs for the care of rheumatic fever patients and in 
having rheumatic fever accepted as a public health problem. Phy- 
sicians in England have been far more active than we in developing 
programs, such as providing beds, for the treatment of these patients 
at public expense, maldng rheumatic fever a reportable disease, etc. 
Impetus in this country has developed largeN as tlie result of small 
programs in a few states, instituted by the Children’s Bureau of the 
United States Department of Labor. These carefully worked out plans, 
along with the study and care progi’ams conducted by private agencies 
in a few large cities, represent pioneer work. Limitation of funds and 
of availability of trained medical, social service, and nursing personnel 
are distinct deterrents at present to the rational extension of these pro- 
grams. As the medical profession becomes more aware of the various 
features of the rheumatic fever problem, it would seem almost certain 
that they will insist upon broadening the scope of some of the present 
studies and programs by both private and public agencies. 

At present, the country is in an “all out” war, vdth millions of men 
dislocated from their usual vocations and mode of living. For mili- 
tary purposes, it is essential that these men go through a herding ex- 
perience quite unlike that experienced by the usual adult in time of 
peace. It is hence not surprising that epidemic infectious diseases oc- 
cur. Variations in the presence and distribution of pathogens, popu- 
lation susceptibility, exposure, crowding, and many other factors in- 
fluence considerably the disease patterns resulting in different groups 
of service men. 

In addition to the large number of nonmedical personnel dislocated 
from civilian life, by war, the medical prof es.sion has been proportion- 
ately called into service. Many physicians have been obliged to become 
proficient in the care and prevention of diseases far different from 
those encountered in their former - medical experience. Many phy- 
sicians who have had but little practical contact with the disease are 
now caring for patients with rheumatic fever and rheumatic heart dis- 

From the House of the Good Samaritan, Boston, Mass. 
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ease. Often, tlie experience of these physicians has been liiniled io 
that which they gained as students or interns. This experience usually 
was restricted to the care of the acute rheumatic fever case and the 
evaluation of heart murmurs. Opportunity to observe these patients 
over long peinods of time and to study t he vaiying influences affect iiifr 
the outcome of the individual patient has been afforded only a limited 
number of workers. 

Having spent, with a group of active collaborators, some yeais study- 
ing various aspects of the idieumatie fever problem, we think it advis- 
able to pro.sent an attitudinal review which may help to define the 
problem in the minds of physicians confronted with the care and dis- 
position of patients with rheumatic fever. No attempt will be made 
to make this summary definitive or bibliographic. The same funda- 
mental features hold, regardle.ss of whether the Armed Forces or civil- 
ians arc conceimed, although the former raises many additional problems 
of a serious nature. No new concept is to be presented. The details 
and references to substantiate nearly all statemenis can be found in 
Paul's “Epidemiology of Rheumatic Fever (1943),’’ prepared and dis- 
tributed at the reipie-st of the American Heart xVssociafion, and pub- 
lished through the cooperation of the Metroiiolitan Life Insurance Com- 
pany. Although many questions remain to be answered, various in- 
vestigations, at present being carried out by both militaiy and civilian 
personnel, wilt doubtle.ss add much to our basic knowledge, especially 
in the field of jirevention. 

THE ETIOI.OGY OK RHEUMATIC EEVER 

Perliaps no single sfafcmenl concerning rlicnmalic fever would re- 
ceive such univcj-sal medical agreement as one to the effect that the 
cau.se of the di.sea.se is unknown. W))ile it is e.ssential to slate this early, 
and, further, to indicate that much basic woi’k remains to be ])erformcd 
in this field, our knowledge of the natm-al history of rheumatic fever is 
not inconsiderable. We need not wait for further knowledge in order 
to develop programs of care and prevention. Dr. Homei’ I'\ Swift, long 
a student of rheumatic fever, has repeatedly strc.sstul iJiis. and ive f(fcl 
that inve.stigatoi-s such as Cobuni, Wil.son, Jfultner. and others would 
agree, although each might .strc.ss various features, dcj)endenf upon their 
own particular exiiericnce and beliefs. 

To review all of the suggiisled theories as to etiology would not seem 
ndevant. Recently, there have aj)pearcd two suggestions concerning 
etiology. One theory reiterates the allergic hypotheses without any 
new diita. The second fheor.v i.s ba.sed on the observation that, in the 
rat. .‘'Cvere ovenlosage with <lesoxycorlieo.slerone acetate produces le.sioiis 
similar to those seen In periarferilis nodosa, malignant hypertension, 
and rheumatic fev(*r. It is suggested that infectiotjs or exposure result 
in an abnonnal (probably excessive) adaptive resjion.se of tlic adrenal 
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cortex, and, hence, rlieumatic fever ma.Y be partly a disease of adapta- 
tion. These ideas need further study, interpretation, and correlation 
vuth loiown facts. 

All observers agree to the high familial incidence of rheumatic fever, 
and increasing evidence points to an hereditaiy , susceptibility. 

The relationship between group A, beta-hemolytic streptococcal re- 
spirator}' infections and rheumatic fever is well established, but many 
features concerning this relationship need clarification. For example, 
the antigen-antibody reaction, variations in tj^ies of hemolytic strepto- 
cocci, and factors possibly influencing pathogenicity and epidemicity, 
need further study. Of primary importance would be the experimental 
reproduction of the disease or its counterpart, in an experimental an- 
imal. Some of tliese features are receiving attention now, while others 
must await a return to more leisurely study in a postwar world. Despite 
the need for these studies, present known facts about rheumatic fever 
are of practical value, and these will be stressed. It is believed that 
further Icnowledge will serve to clarify present accepted obseiwations, 
and hence explain and extend rather than disprove them. 

RHEUM.\TIC FEVER AS AN EPIDEJnC DISEASE 

Epidemiology in recent years has become broadened by general usage. 
The medical and lay public apparently have preferred to persist in 
defining as epidemic disease only those great scourges representing an 
highly virulent agent producing great volumes of disease among highly 
susceptible peoples. The influenza epidemic of World War I is an 
example par excellence. The communicable diseases of childhood are 
also accepted. Only a limited number of workers, however, speak of 
the epidemiological pattern of noninfectious diseases, such as pellagra, 
and such a condition as mottled enamel. Scarlet fever is not only con- 
sidered an epidemic disease, but too- frequently as the only serious 
phase of the hemolytic streptococcus problem. This is reflected in the 
laws governing quarantine of scarlet fever cases, while infections with- 
out scarlatinal rash, even though caused by the same type of group 
A beta-hemolytic streptococcus are not restricted and often not even 
segregated. It is slight wonder that rheumatic fever, a disease which 
follows closely the epidemiological pattern of hemolytic streptococcal 
infections, is not considered an epidemic disease. Pew physicians think 
of an epidemiological pattern in connection with this disease, save in 
relation to poor housing, crowding, and low economic level. 

Ever since World War I, and especially in the past twelve years, 
numerous reports have stressed the association between hemolytic 
streptococcal tonsillitis and pharyngitis and the subsequent develop- 
ment of rheumatic fever. Coburn, more than any worker in this 
couiiti'}', has emphasized this relationship. The relationship of rheu- 
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matic fever to hemolytic streptococcal I'cspiratory infections has been 
reported by many English workers. ^Many Ixemolytic streptococcus 
epidemics have been recorded in rheumatic fever institutions and con- 
valescent homes, with as many as 50 per cent of these having tlie epi- 
demic infection developing a I’ecurrenee oi- I’cerudescence of rheumatic 
fever within two to three weeks, We may ultimately learn why these 
percentages vary with each epidemic, but one must accept that son\o 
relationship does exist. The grouping of hemolytic streptococci Ixy 
Laneefield, and the later typing of group A strains by ririffith and by 
Laneefield have offered a new epidemiological tool with which to study 
the problem. The reports of Kuttner, Coburn, and others, as well as 
unpubli-shed data from the House of the Good Samaritan arc all in 
essential agreement. In a population where all are known to be rheu- 
matic fever susceptible (by the presence of low-grade rheumatic fever 
or recent recoveiy from rheumatic fever), infections with certain types 
of hemolytic streptococci are associated with a vaiying number of 
recurrences of the disease. The strains causing trouble are usually 
epidemic in behavior and u.sually spread rapidly. The t>i)es of group 
A hemol^lie streptococci may vaiy from year to year. It has been 
our experience that appinximately one-third of the ilieumatic fever re- 
currences are not ju’cceded by a clinical hemolytic .streptococcal infec- 
tion, but careful and frequent throat cultures usxially indicate that 
there has been a previous change in the type of hemolytic streptococcus 
in the throat, or a change from a negative to a positive throat culture. 

To one wlio has not yet accepted tlxe possibility that hemolytic Htrejxto- 
coccal infections and/or .some peculiaiaty in the immune reaction to 
such infections, is the entire mechanism in the causation of rheumatic 
fever, the close clinical, bacteriological, and immunological (anti- 
streptoly.sin rcspon.se) con-elation between hemolytic .sti-eptoeoccal in- 
fections and rheumatic fever has consi.stently been viewed with skepti- 
cism. However, it .seems rca.sonably certain to us that, desjxite the need 
of further knowledge, the importance of this association cannot be de- 
nied or di.smi.s.sed. 

It is much easier to demonsti-ate an association Ixetween hemolytic 
.streptococcal infections and rheumatic fever, than to disprove it. Since 
instituting protective measures agairi.sl the spread of hmnolytic strepto- 
coccal infections in a rlicnmatic fever hospital, our rheumatic fever 
dlsea.se patterns have altered. In our experience, fatalities eatiscd by 
rheumntie fever have been strikingly a.ssociated with inerea.sed .severity 
of the disease following an hemolytic sliejUoeoccal infection. It has 
not been unusual to .s^s:; fulminant, fatal rlieumatie fever follow a 
hemolytic streptococcal infection, despite a good recent recovery from 
rheumatic fever with only minixnal re.sidnal heart di.sease. Protection 
from hetnolytic .sttsqUocoeeal infeeiion.s has resnUed in a disappearanee 
of sneh eatrsstrophies. 
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, During a period of four years, Ave have observed several instances 
of, increased cardiac failure Avitliout any definite evidence of preceding 
hemolytic streptococcal infection. Although such increase in failure 
is usually due to an associated increase in rheumatic fcA-er actiAuty, 
there Avas no other evidence of this in these cases. We have also ob- 
served the development of chorea in patients aa'Iio had apparently re- 
covered from rheumatic fcA^’er and AA^ho shoAA'ed no evidence of antecedent 
hemolytic streptococcal infection. All of these apparent rheumatic , 
fever recurrences occurred more or less simultaneously during a short 
period of three to four Aveeks. This information is included merely to 
indicate that all problems are not ansAvered. With these exceptions, 
it has been our experience that, provided the early stages of rheumatic 
fever do not prove fatal, our patients haA’^e recovered after Amrying ' 
periods of time and Avith varying degrees of residual heart damage, un- 
less hemol.ytic streptococcal infection has intervened. Hence, in our 
experience, rheumatic feA'^er folloAvung hemolytic streptococcal infection 
is the major problem. 

From a stud.y of the literature, it seems likely that most initial at- 
tacks of rheumatic fever are closely associated AAuth hemolytic strepto- 
coccal infections. Further, once an indwidual has had definite rheu- 
matic fever, the vast majority aauII do Avell unless an hemolytic strepto- 
coccal infection occurs. The above obsei’Amtions are based on clear-cut 
diagnoses of rheumatic fever. Many individuals present the problem 
of rheumatic heart disease, even Avith failure, in adult life, and deny 
earlier rheumatic fever. In our experience, those patients Avith in- 
sidiously developed rheumatic heart disease (usually AAuth mitral 
stenosis), from families aa^io ImoAV the patterns of rheumatic fcA^er be- 
cause of disease among other members, have but little, if any, cardiac 
enlargement. These patients have univei'sally done AA^ell unless rheu- 
matic fever intervenes. Appreciable degrees of cardiac hypertrophy 
have been found onlj'- as the result of recognizable rheumatic fever. 
This is an interesting group of patients from AAiiich Ave may learn much, 
but it has consistently been evident to our group of Avorkers that the 
seriously disabled rheumatic lieart disease patient, if carefully studied, 
is found to have, or to have had, acth^e rheumatic fcA^er, usually at a 
clinically recognized level. 

Recent English reports of studies on military personnel, and reports 
from militarj’- sources beginning to appear in this country, stress the 
fact that in the Armed Forces the rheumatic fever pattern is closely 
associated Avdth the hemolytic streptococcal problem. While other fac- 
tors, such as exposure, dampness, and chilling, may play a role, no 
report has failed to express the coexistence of throat infections, such 
as tonsillitis or pharAmgitis, and even scarlet fever. While clinical 
diagnoses are not entirely reliable Avith regard to the etiological classifi- 
cation of respiratory infections, the presence of scarlet fever can be 
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taken to indicate that heinoljdic streptococcal infections are present. 
Wherever there has been corroboration of clinical diagnoses of respira- 
tory tract infections by baeteriologie examination, it. has been found 
that the hemolytic streptococcus is present and apparently pathogenic 
when rheumatic fever begins to appear. Grouping and typing of these 
organisms throws additional light on the problem. Epidemic types or 
those pathogens wliich spi’ead easily are usually found to be the trouble- 
makers, despite the presence of a number and variety of types, of 
seemingly low pathogenicity in the same population. The carrier rates 
may vary eonsideraljly from season to season, even without any ap- 
pi-eeiable volume of streptococcal illne.ss. However, wlien a given type 
of streptococcus begins to eaiise illness, this type will inerea.so in the 
general exposed population, and the resultant illness pattern will be 
determined, at least to a large extent in an intimatelj’’ exposed popu- 
lation, by the pathogenicity of the organism and the susceptibility of 
those exposed. From the available reports, it seems obvious that rheii- 
matie fever occurs in variable degrees in the majority of, but not in all, 
hemolytic streptococcus epidemics. We do not yet know the influence 
of the streptococcus types, and other streptococcal biologic features, 
on the development of rheumatic fever, but it does seem apparent that 
rheumatic fever, in a population of iinlcnown rheumatic fever sus- 
ceptibility, occurs in direct relation to the volume of streptococcal ill- 
ness. The rates wll doubtless vary in different parts of the United 
States and the world, and there are doubtless many unknovui factors 
affecting these rate variations. For instance, i-eports of rheumatic fever 
during streptococcal infections among yoinig Britisli naval personnel 
are the highest rates yet recorded. .In addition to the volume of hemo- 
lytic streptococcal illness, other factors which may possibly influenee'the 
occurrence of rheumatic fever are: tlie evidence of a previous rheu- 
matic fever history (this will be discussed in more detail further on), 
unknown host features, associated or previous virus invasion, and 
variations in the biology of hemolytic streptococci. 

■ In military personnel, just as in the studies on known rheumatic 
fever populations, there is a consistent association between rheumatic 
fever and previous infection of the respiratory tract with the hemo- 
lytic streptococcus. This correlation holds from clinical, bacteriological, 
and immunological (antistreptolysin response) points of view. A high 
percentage of these patients give a definite history of sore throats (often 
with hemolytic streptococci isolated from the throat) ten to twenty-one 
days before, but in some this is absent, and only the antistreptolysin 
response curve gives a clue to the previous infection. This elosefy 
parallels the pattern in known I’heumatie fever populations, and in- 
dicates that nonclinieal, but definite . invasive streptococcal infections 
occur. This has long been recognized from studies on streptococcal 
epidemics in well children. 
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Since the clinical diagnoses of respirator^'- tract infections are inac- 
curate without laboratoiy confirmation, the basis of any rheumatic 
fever program should be baeteriologie. Careful bacteriologic study of 
respiratory infections from any given epidemiological group should 
give the clue to the illness pattern developing, and offers the bestdiope 
of any prevention program. Thus, in order to anticipate the develop- 
ment of a streptococcal disease problem in any militaiy establishment, 
it is first necessary to divide the population into epidemiological units, 
each of which is composed of individuals living together and having the 
same exposure periods. An accurate and continuous record must be 
kept of all clinical respiratory infections. Finally, the percentage of 
throat cultures that are positive for hemolytic streptococci must be de- 
termined on adecpiate samj^les of botli the clinically ill and well indi- 
\dduals, composing each of these separate epidemiological units. Group- 
ing and typing of all positive cultures vdll provide additional informa- 
tion of value. 

To a medical Avard officer receiving rheumatic fever patients for care 
from a wide variety of groups in his station or even different stations, 
the problem must indeed be confusing. Only when one realizes that, 
for each of these patients, there have previously existed many hemolytic 
streptococcal infections, can one begin to focus at the point where this 
paitient’s problem could have been attacked. 

SUSCEPTIBILITY TO RHELWATIC FEA^R 

There can be little doubt but that the familial incidence of rheumatic 
fever is high, and most reports indicate that multiple cases of rheumatic 
fcA’^^er in a family are as frequent as found in the case of tuberculosis. 
The recent Avork of Wilson, Taussig, and their collaborators has 
strengthened the available data relative to hereditary susceptibility. 
While much needs to be learned in this field, the data aa'McIi are ac- 
cumulating strongly indicate the importance of a probable hereditary 
susceptibility. These data are doubtless important, but do not obviate 
the importance of a variety of other features in relation to the initial 
or repetitive development of rheumatic fever. 

There can be no doubt but that one attack of rheumatic fever renders 
an individual susceptible to subsequent attaclm. As indicated pre- 
Auously, many investigators, among them ourselves, feel that there is an 
association betAA^een these initial as AA^ell as repetith’e attacks and in-, 
fections Avith the hemolytic streptococcus. 

No adequate data are available as to the number of susceptibles in 
the general population. Should such data become available, there AA^ould 
doubtless be considerable variations in a country with such marked 
climatic differences as the United States.- This is suggested by present 
available information indicating a considerable sectional difference in 
incidence of rheumatic fcA^er and heart disease. In fact it seems 
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reasonable to speak of high and low incidence areas, despite a lack of 
accurate incidence studies and knowledge of the many factors which 
might be responsible for such variations. It seems reasonable, as an 
estimate, that perhaps 2 ])cr cent of our young adult population may 
prove to be susceptible to rheumatic fever as indicated bj'' a definite 
history of the disease. 

Reports already appearing in the medical literature indicate that 
there may be considerable variation witli regard to the frequency of an 
histoiy of previous i-heumatic fever among those men developing the 
disease in military service. Some oL" these reports indicate a previous 
liistory in as high as 50 per cent of the rheumatic fever patients. 

It becomes obvious from a practical point of view that the rejection 
of such men with a previous history would decrease the prol)lem of 
I’heumatie fever in the Aimed Forces. Other practical points, how- 
ever, must be considered and determined by military authorities. The 
mere administrative problems inherent in verifying any disea.se his- 
tory in as many as 2 per cent, of the applicants for military service are 
tremendous. When one considers that those anxious to perform mili- 
tary service could easily deny previous rheumatic fever, and that 
malingering by those desiring to escape military service may be com- 
mon, the inherent practical problem becomes enormous. Furthermore, 
the rejection of susceptibles on a basis of histoiy, if practical, would 
at best eliminate only one-third to one-half of the rheumatic fever cases 
in the Armed Services. The ultimate decision would seem rationally to 
be based on the administrative difficulties inherent in rejection of such 
applicants and the practicability of the development of preventive pro- 
grams. However, ojiinions will doubtless vary gj-eatly. It seems logical 
that the individual of unknown susceptibility deserves protection against 
the development of rheumatic fever just as much as tliose laiown to be 
susceptible by verified history. In consideration of the need for man 
power and the possible development of prevention programs (to be 
discussed later), it is suggested that we accept the responsibility of 
attempting to prevent hemolytic streptococcus epidemics in areas of 
high rheumatic fever incidence regardless of whether history sus- 
ceptibles be accepted for service or not. 

RHEUJIATIC FEVER PREVENTION PROGRAMS 

There are many possibilities relative to the development of such pro- 
grams, and much is to be learned from a vai-iety of organized attacks- 
upon the problem. Should it be possible from an administrative point 
of view to direct the location of knomi susceptibles or of those develop- 
ing rheumatic fever in the Service to low incidence areas, some pre- 
ventive or prophylactic results might be exiDeeted. This is clearly an 
important administrative problem for the Armed Services. 

Since rheumatic fever is outstandingly prevalent during hemoljdic 
streptococcus epidemics, one naturally turns to the prophylactic use of 



MASSELL.AND JONES: KHEUMATIC FEVER PROBLEM 583 

llie sulfonamide drugs as being perhaps the most important feature of 
any program. There seems to be general agreement that once rheumatic 
fcvei has begun, the sulfonamides are ineffective (at least sulfanilaiuide 
and sulfap> ridine) and may be Jiarmful. There also seems to be general 
agreement that once a liemolytic streptococcal infection has begun, 
subsequent rheumatic fever cannot be avoided by the use of these drugs. 
It has been suggc.sted that sulfoiianiides given after the onset of hemo- 
lytic. streptococcal infection may even increase the possibility of de- 
velopment of rheumatic fever, although no substantiating data have 
been presented. 

A number of I'cporls have ap}icaT-i>d in the last two or three years 
indicating tliat sulfanilamide given in small prophylactic doses to pa- 
tients with ju’cvious rheumatic fe\ei' will prevent the development of ' 
hemolytic streptococcus infections and lienee recurrent rheumatic fever. 
There sechis no dissenting voice to this, but as yet no reports have 
, reached the literature relative to the effectiveness of the less toxic 
sulfonamides. It. has been indicated that a .small percentage of indi- 
viduals are unable to take such prophylactic agents because of sensitiv- 
ity, and there are yet many features to be worked out. For instance, 
we do not yet know what the long-time administration of these drugs 
will do with regard to the development of sensitivity. Neither do we 
Imow whether drug-resistant strains of hemolytic streptococci will be 
developed as a result of such programs, or the effect on the rheumatic 
fever patient of infection with such drug-resistant strains. 

Numerous re]iorts are available relative to the effectiveness of 
sulfonamides iii the control of the meningococcus problem. Cases may 
be abruptly terminated and carrier rates lowered. There are also re- 
ports indicating that the .spread of streptococcal infections may be cur- 
tailed by the use of chemotherapeutic agents. Less is known concern- 
ing the effect on pathogenicity and the carrier state of streptococcal 
as compared to meningococcal infections. There seems, however, but 
little doubt that it is possible to affect the epidemic streptococcal pat- 
tern by the use of these agents. 

hlany features warrant careful stridy. The choice of the particular 
agent is not yet determined, nor the dosage, nor the exact method of 
administration. The comparative value of a small daily dosage ovei 
a long, period of time as opposed to larger amounts of the drug given ' 
over a short period is not y'^et determined. 

■ In view of the considerable variations in the spread of hemolytic 
streptococcus within different epidemiological units, one should be care- 
ful to avoid wholesale administration of such agents as the sulfonamides. 

It should also be pointed out that a false sense of security may be de- 
veloped by confusing seasonal, annual, and unit streptoeoceal infection 
varia,tions for drug effects. 
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Because of these possible misinterpretations of results, and because 
of the possible dangers of developing sulfonamide sensitivity and di’ug- 
fast strains, one should be reticent in too readily accepting the whole- 
sale and uncontrolled administration of these drugs. 

In recent years, interest in the possible value of salicylates for rheu- 
matic fever has reawakened. Several reports suggest that the pro- 
tracted daily administration of salicylates starting at the time of a 
hemolytic streptococcal respiratory infection may in some way greatly 
decrease the probability of developing subsequent rheumatic fever. 
This is in keeping with the recent suggestion that the intravenous ad- 
ministration of large amounts of salicylate (resulting in a high con- 
tinuous salicylate plasma level) may, if begun early in the course of the 
disease, advantageously affect the outcome of rheumatic fever. It has 
been further suggested that the daily administration of egg yolk may 
result in the curtailment of the development of rheumatic fever recur- 
rences. These are mentioned as features requiring further study and 
analysis. 

Control measures other than the use of drugs also need careful evalu- 
ation. There can be little doubt that the segregation of hemolytic 
streptococcal infections may alter the pattern of disease in any given 
population. In the past, scarlet fever patients have been the only ones 
given appreciable attention. Scarlet fever comprises only a very small 
and varying proportion of all hemolytic streptococcal respiratory in- 
fections. Furthermore, clinical diagnoses alone are a poor index of 
hemolytic streptococcal illness. Therefore, if segregation is to be done 
in an advantageous way, it is necessaiy to do careful bacteriologic stud- 
ies on all patients with respiratory disease. In addition to determin- 
ing which patients have positive hemolytic streptococcus cultures, it is 
of value to group and type the isolated organisms in order to identify 
the pathogenic strains. 

Literature reports suggest that, on an open scarlet fever ward, an 
individual patient maintains his infectious type for eight to ten days, 
thereafter frequently becoming a carrier of other 'types of streptococci 
to which he is exposed. Nevertheless, we do not know how long hemo- 
lytic streptococcal respiratory disease eases should be segregated. In 
order to answer this question intelligently it will be necessary to know 
whether individuals developing a carrier state without becoming clin- 
ically ill are infectious and just how long strains carried in the throats 
of recovered clinical cases remain virulent. It will also be necessary to 
learn more about the effect of sulfonamide therapy on the duration of 
the carrier state and on the virulence and spreading tendencies of 
hemolytic streptococci. 

The nature of the living quarters in a military establishment may in- 
fluence the spread of respiratory disease. It seems likely that exposure 
during sleeping hours is particularly important. There is evidence 
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whieli siiggeste that the volume of disease is influenced more by the 
number of individuals sleeping in a given room than by the area of 
floor space or the number of cubic feet of air si^ace allotted to each man. 

Other possible hemolytic streptococcus control measures which need 
further investigation are ultraviolet radiation and the use of aerosols. 

To reiterate, the prevention of rheumatic fever, within the limits of 
our present Imowledge, depends apparently upon the successful pre- 
vention of hemolytic streptococcal infections. In any given group or 
unit, the key to the development of such a problem rests with the care- 
ful baeteriologic study of indi\dduals developiug respiratory infections. 
Careful study may reveal the presence of an increasing hemolytic strep- 
tococcal disease rate long before the peak is reached, and so indicate 
the need of instituting preventive measures. It is hoped that in the 
near future we will have sufficient additional knowledge so that we will 
know what measures will safely prevent a maximal amount of illness, 
with a minimal use of chemotherapeutic agents and a minimal dis- 
ruption of routine military programs. 

PSYCHOLOGICAL FACTORS 

One cannot help but be impressed with the inherent opportunities 
for the development of psychological difficulties in those individuals 
with rheumatic fever and its attendant rheumatic heart disease. Neuro- 
circulatory asthenia is found to be common in adults with rheumatic 
heart disease. It has often impressed us that the old adage, ''A little 
learning is a dangerous thing,” is most appropriate. This is small 
wonder when one considers the amount of teaching done in the pres- 
ence of rheumatic fever patients and the general inclination of phy- 
sicians to stress the heart disease factors above all else. 

Only those rheumatic fever .subjects developing serious degrees of 
heart disease become actual cardiovascular cripples, or have a fatal out- 
come by mid-adult life. This group comprises a small percentage of 
the total rheumatic fever cases. Not only are these progressive cases 
with a poor outlook small in relatiA^e numbers, but they usually be- 
come defined early in the course of the disease. 

Since the incidence of serious heart disease follovdng first attacks of 
rheumatic fever in adult life is smaller than that in children, it seems 
even more necessary to orient carefully the patient with regard to the 
problem, and prevent his overready acceptance of the fact that heart 
disease wiU become serious. It is hard to make- this clear, when policies 
vary with regard to the handling of those rheumatic fever subjects 
who either escape detectable heart disease or develop only slight de- 
grees of cardiac damage. Apparently the susceptibilities of these two 
groups are similar. After suitable convalescence and reasonable re- 
habilitation, there seems little difference in the ultimate outcome of those 
individuals who have functionally good hearts, regardless of the pres- 



5S6 


AMERICAN HEART JOURNAL 


ence or absence of slight cardiac enlargement and certain murmurs. 
Physical activity seems to have little effect on their ultimate prognosis, 
once the disease has become definitely inactive. Protection of these in- 
dividuals against hemolytic streptococcal respiratory infections should 
be the most important part of any program designed for the promotion 
of their well-being. ' It is believed that the explanation of such features 
to rheumatic fever subjects by physicians will result in fewer psy- 
chological problems and a more active interest on the part of the in- 
dividual in attempting to avoid exposure to hemolytic streptococcal in- 
fections. 

It is rather surprising that, in a cliild of average intelligence, good 
cooperation may be obtained witli regard to long lied rest, even in the 
presence of reasonable well-being, providing the child becomes aware of 
the fact that he is lieing restricted temporarily liecause of an active 
disease process and for the pui'pose of minimizing the amount of per- 
manent heart damage sustained. In the past, we have encouraged chil- 
dren well over the active stage of the disease to return to active phys- 
ical lives even in the presence of moderate degrees of heart disease. 
As j^et, we have seen no harm result from tins program. The patients 
getting into difficulty have done so, not as a result of physical activity, 
but because of hemolytic streptococcal infections. 

PROBLEMS RELATIVE TO THE DISPOSITION OF RHEUiAIATIC FEVER 
PATIENTS IN THE ARMED SERVICES 

The need for man power, especially tlie services of highly trained 
members of the Armed Forces, must of necessity dictate the ultimate 
disposition of those service men developing rheumatic fever. This prob- 
lem is a difficult one with many aspects. As indicated before, a pre- 
vious history of rheumatic fever results in an increased likelihood of an 
individual developing rheumatic fever, provided he is stationed in an 
area of high rheumatic fever incidence. So, too, will those individuals 
developing the disease in the Service for the first time show an increase 
in susceptibility to further attacks. The number of individuals de- 
veloping incapacitating degrees of heart disease and progressive rheu- 
matic fever will doubtless be small. 

The presence or absence of heart disease following an attack of rheu- 
matic fever may determine whether or not an individual is eligible 
for compensation and, therefore, may influence policies of disposition. 
Otherwise, the disposition of rheumatic fever cases should not depend 
upon whether such individuals develop slight degree of heart disease 
or fail to acquire any detectable cardiac damage. Both groups of in- 
dividuals will be likely to develop repetitive rlieumatic fever if they- 
are exposed to hemolytic streptococcal respiratory epidemics, and hence 
it seems reasonable to handle them both in tlie same manner. 
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WJieii programs of protection against liemolytic streptococcal infec- 
tion are de\ eloped, the majority of. these mc]i can be of continued xaliio 
to the Seibdcc vdthoiit jeopardizing their health. Such 2^1’ograms need 
exploration and caret nl stiidy. They will 3 ,’eqnire trained personnel, 
blit; there can be little donlit^of their importance and ultimate service in 
man-power saving and disease prevention. 

What vdll eventually happen to men who have developed rheumatic 
fever for. the first time while in the Armed Services is of importance. 
However, lye do not at present know the actual natural history of rheip 
matic fever beginning in adult life. By adequate follow-up of the 
veterans of World War II we may learn whether there is any dif- 
ference in the fundamental proee.ss when rheumatic fever appears for 
the first time at various age.s, or whether variations in outcome are en- 
tirely dependent upon exposure to streptococcal respiratory infections 
and development of natural immunity to the hemol^die streptococcus. 
Many such features need clarification. 

smoiARY 

Although the etiology of rheumatic fever is unlmown, our Imowledge 
is sufficient to warrant the development of progi'ams of care. The. close 
relationship between epidemic hemolytic streptococcal infections and 
rheumatic fever is discussed, and it is pointed out that rheumatic fever 
in. a given population follows closely the epidemiology of hemolytic 
streptococcal infections. This pattern is so convincing that it forms 
the basis of prevention programs. Prevention programs are discussed, 
A\uth especial emphasis on the careful study of respiratory infections 
from a. bacteriologic point of view. Culturing, grouping, and typing 
of such infections offers a key to the streptococcus problem in a given 
epidemiological unit. The use of sulfonamides prophylactieally is dis- 
cussed. Other preventive measures than chemotherapy are mentioned. 

The general problem of su-sceptibility, as well as considerations rela- 
tive to the disposition of rheumatic fever patients in the Armed 
Services, are evaluated. Caution against developing an unfavorable 
psychology in rheumatic fever patients is emphasized. Numerous gaps 
in our knowledge arc enumerated throughout the report. 

A plea is made to accept the problem as perhaps the most serious 
feature of the general hemolytic .streptococcal jiroblem, and some 
measures are discussed which may be helpful in the prevention of rheu- 
matic fever. The authors are cognizant of the fact that, despite the 
close relationship with hemolytic streptococci, as indicated, there are 
niahy unsolved problems relative to the disease. These problems are by 
no means limited to the hemolytic streptococci association, but represent 
a wide variety of biologic aspects. 



FOREIGN BODIES IN AND ABQUT THE HEART 
Major Edward P. Bland, M.C. 

D uring the first six months of operation of the Sixth General 
Hospital, U.S. Army, in the North African theater eight patients 
have been encountered with penetrating chest wounds and retained 
metallic foreign bodies either in, or in close apposition to, the heart. 
Similar eases will probably be observed with increasing frequency as 
the war progresses, and the question will arise as to whether or not 
surgical removal should be attempted. 

Recorded data helpful in this connection are scant since this type 
of injury is largely limited to combat operations and, hence, its counter- 
part in civilian practice is rare. Therefore, we are recording in this 
preliminary report the clinical features and x-ray findings in four of 
this series because of their special interest. 

In these ease reports the clinical notes and x-ray findings of the 
various medical installations in the chain of evacuation have been in- 
corporated with our own studies. We regret that exigencies of the 
military situation make it impossible to render at this time full credit 
by name to the various individuals and installations involved. 

CASE REPORTS 

Case 1. — in the Right Side of the Heart. — ^A staff sergeant, 
aged 25 years, in the field artillery, was in a battery holding an ex- 
posed position near Tebourba, in Tunisia, when it was attacked by 35 
enemy tanks, on Dec. 6, 1942. During the engagement he was wounded 
by machine-gun bullets. Shortly thereafter, in a nearby dressing sta- 
tion, he was found to have two Avounds of entrance in the left pectoral 
region and a superficial Avound of the left Avrist. Sulfanilamide dress- 
ings Avere applied and he Avas evacuated to a British general hospital. 

On arrival his condition Avas satisfactory. There were no abnormal 
physical signs, but x-ray examination rcAmaled a metallic foreign body 
in the heart and another fragment in the soft tissue of the left chest 
wall. The latter fragment was removed tAvo Aveeks after his injury 
and, thereafter, he appeared to be making a good recovery without 
symptoms or signs referable to the intracardiac bullet. 

Six weeks after his injury he began to have aching substernal dis- 
comfort, aggravated sharply by deep inspiration, Avith accompanying 
radiation through to the back, to both shoulders, and occasionally to 
both arms as far as the wrists. He appeared pale and breathless, and 
the area of cardiac dullness Avas enlarged to the left. The lungs were 
clear except for the signs of compression at the left lung base pos- 
teriorly. Fluoroscopic examination shoAved the heart shadoAV much 
enlarged and the cardiac pulsations reduced in amplitude. The bullet 
appeared to be Avithin the right border of the heart. His temperature 
rose to 101° P., and he Avas started on chemotherapy. 
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At tile end of a week lie was mueli improved, and on fluoroseopic 
exaniiiiation the cardiac shadow had decreased in size. At the < nd of 
three weeks the heart was normal in size and pulsations. The position 
of the bullet remained imcliang'ed. 

. Nine weeks after his injiirr he again became ill with right-sided 
pleural pain followed by a moderate effusion. Aspiration yielded 150 
c.c. of opaque, sterile fluid. In the course of the next two weeks he 
recovered from this second complication. In March, 1943, he was seen 
ill consultation by Col. E. D. Churchill who advised against surgical 
exploration for the retained bullet. 

Four months after receiving his wound, and in the course of evacu- 
ation to Eie zone of the interior, he first came under our observation. 
By this time he appeared to have made a complete recovery. The ehe.st 
wound was well healed and physical examination revealed no abnor- 
malities in the heart or lungs. Fluoroscopic examination at this time 
confirmed the presence of a sharp-nosed bullet (caliber .30), measuring 
ajiproximately 2.3 cm. in length, lying within the shadow of the right 
side of the heart (Figs. lA and 171). It moved vigorously ivitli each 
heartbeat. Lateral and oblique views showed the bullet in the mid- 
lateral portion of the heart, placed slightly anteriorly and most likely 
at or hear the .-iunction of the right auricle and ventricle. By rotation 
of the patient it was impossible to separate the shadow of the foreign 
body from that of the heart to an extent greater than is shomi in Fig. 
lA, Fully tAvoffhirds of the bullet appeared to be embedded in the 
wall of the heart, possibly in a much thickened pericardium. Inci- 
dentally, in the course of our x-ray studies an additional, and previ- 
ously unsuspected, fragment of metal measuring 1 by 0.4 cm. was dis- 
covered buried in the central poi-lion of the liver. An electrocardio- 
gram, including Lead IF, was normal except for a slight degree of 
right axis deviation, which was considered by us within the normal 
range for a vertically placed heart. 

In May, 1943, five months after his injury, he was returned to the 
United >States. His only complaint was occasional substernal discom- 
fort, a sense of pressure, radiating to the upper right arm. It usually 
lasted one to two hours and was uninfluenced by motion, position, or 
respiration. 

Comment . — It is extraordinary that a missile of this size could have 
traversed the chest without causing serious injury to the vital mediastinal 
sUuctures- Undoubtedly its force must have lieen largely spent before 
it entered from a lateral direction and presumably folloived the anterior 
contour of the thoracic cage, to be deflected inward along the stnictural 
plane between the right lung and heart. The delayed appearance of 
pericardial and pleural effusions, six and nine weeks, respectively, after 
the injury, is of some further intere.st. 

Case 2. Foreign Body in the Left Side of the Heart.— Sergeant, aged 
22 years, in a tank destroyer battalion, was womided in action while 
advancing on foot near Fondul^ in Tunisia, April 13, 1943. A comrade 
who was 6 feet ahead of him stepped upon an antipersonnel mine and he 
(the patient) was jarred backward by the resulting explosion. He ex- 
perienced immediate dyspnea but no pain, and attributed his bieathless- 
ness to the concussion. Not realizing that he had been vounded, he con- 
tinued forward a few paces until he almost fainted and discovered blood 
upon his shirt. At the battalion aid station he was found to have a pene- 
trating wound between the fourth and fifth ribs ui the left anterior 








BLAND ; FOREIGN . BODIES IN AND .VBOUT THE HEART 59l 

axillary line. Dyspnea continned and lie raised small amounts ot bloody 
spiitmn. 

. Tlie following day, at an evacuation hospital, x-rays: revealed a foreign 
body in, or near, , the apex of the heart, and an exploratory thoracotomy 
was performed. A small sucking wound was found, and .8 cm. of the 
anterior portion , of the fourth rib were removed. The pleural cavity 
^delded 500 c.c. of fluid blood. A slow liemorrhage from the anterior siiiv 
face of the lower lobe of the lung was controlled by suture. At this 
point the ])atient went into rapid shock and further search for the 
foreign body was abandoned. A tight closure of the pleura and chest 
wall was obtained, and shortly thereafter the patient's condition began 
to improve. Chemotherapy had been administered from the onset, and 
by the end of the sixtli day his condition was such that evacuation to the 
rear was accomplished in eas.y stages without untoward reactions. 
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Pie- — Case 2. Roentgenogram taken at the time of the pericardial effiision. 

The bullet ■ visible at. this. time under the fluoroscope, well witiim the shadow of the 
heart, is not evident in this film. 


Two fveeks after the injury, while convalescing satisfactorily, he de- 
veloped slowly increasing dyspnea at rest and a fever up to 102° E. 
Signs of fluid at the left, base increased and pleural and pericardial 
friction rubs appeared. X-ray examination showed marked enlargement 
of the cardiac shadow as well as considerable pleural effusion (Fig. 
2A) . Pluoroscopically, the pulsations of the cardiac borders were feeble. 
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The metallic foreign body, not discernible in the above reprodn.ci ion of 
the film, was visible approximately 2 cm. inside the left border of the 
cardiac shadow and was seen to move slightly with each systole of the 
heart. Chemotherapy was resumed, and 650 e.e. of sterile ^erosanguinc- 
ous .fluid were aspirated from the pleural space. He progressively im- 
proved and subsequent x-rays showed a gradual diminution of both the 
pericardial and the pleural effusions. 



jnjjr 3 Case ’> The electrocardiogram showing inversion of the T waves in Leads I, 

il! and IV, "consistent with myocardial injury in the region of the cardiac apex. 

Six weeks after his injury he came for the first time under our obser- 
vation. By this time his general condition was good, and his only com- 
plaints were : (1) dyspnea on effort, (2) a moderately bothersome and 
slightly productive cough, and (3) a feeling of muscle tightness on 
deep inspiration at the site of the wound, now well healed. X-ray and 
fluoroscopy at this time showed that the heart was now normal in 
shape, size, and pulsations. The foreign body lay_ within the cardiac 
shadow in its entirety and was located anteriorly just above the apex 
oi.the heart, presumably in the wall of the left ventricle (Pigs. 2B and 
2C), It moved inward vigorously with cardiac systole and thep was no 
evidence of aneurysmal bulging of the heart wall in this vicinitj'. A 
hydropneumothorax of moderate degree persisted. 


.OIERICAX HEART .TOTTRXAl, 

An cJeetroeardiogri-Rm avjks eha7’Rcteri.sj.30 of myocardial iiijui-y in the 
reo-ibii pf the cardiac ajjcx (P’ig. 3).^ It sliowed a sharp late invoision, of 
the T hvates in Leads I, 1I_, and lY, AS’itli a slight ch;valio)i of the S-T 

segments in Leads I and I\ . 

Comincni. — Two niontlis after liis injury this i)atie.tit was evaeiiateii 
to the United States. It a])])ears as tliongli he will juake a complete 
a’ccovciy, hai’inng pulmonary complications. The retained foieigii i)ody 
is prohahly firmly embedded in fibrous tissue without seriously weaken- 
ing the heart wall. Therefore, the danger of disastrous erosion later 
seems negligible, especially since the force of eaeh heart heal is directed 
away from, rather than against, the I'ctained metal. Here again, as in 
Case 1, the somewhat delayed appearance of pericardial effusion without 
serious consequences is of interest. 



Fie. ^A. — Cnnr' 3. no^ntffcnoBTam Bhowins a iinfumopfirlcartllimt and n rf>taln»'<l 
ffirflfrn body -tt-hich. In oWlfine lif.-s b'dilnd ttii' la.-art. 

Case 3. Pneumopcrkardiuni With a Fordyn Jiodi/ in the. Adjncciil 
huntj , — A sergeant in tlie infantry, aged 2-1 ycaix, was wounded on 
March 30, 1043, by mortar .shell fKigun-nls near El (Jnettar in Ihinisia. 
lie re(;eiv(Kl a tli*sli wound of tlie left foi-<'arm and a perforating v,'ound 
of the left chest wall in the lower p;ai of flic .-ixilla. lie immediately 
experienced .severe dysprnxi and .sharp pain in tlie left chest on in.spira- 
tion, radiating upward into the left side of the neck. For about aji lioiir 
there was a .sucking sen.sation at fhe .site of tise chest wound, and he 
coughed up blood for twenty-four hours. Hi.s dyspnea .slowly subsided 
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in ilie course of two to three days. Xo fri(!fion rnhs were heard and his 
general condition v/as good throughout this time. On the third day he 
was evacuated to a general hospital where the x-ray shovii in Fig. 4A 
Avas taken. It .shoAvs a small metallic foreign body near the heart and a 
pneumopericardium. The outline of the pericardium is .shown by the 
thin line of density beyond tiie left border of the heart. 

Be came under our obseiwation on the tenth day after liis injury. lie 
.slill complained of an occasional sharp stabbing pain along the left 
border of the heart on deep imspiralioiL but no friction rub could be 
elicited. He appeared to be in good condition. The avouikI of entrance 
in the left axilla AA-as healing satisfactoi-ily. Examination of bis beail 
and lungs reA'caled no abnormalities. An electrocardiogram Avas slightly 
abnormal in that the T AAUu’e.s aa-ci-c of Ioaa* voltage in all leads, the great- 
e.st amplitude being 1 mrn. in Lead I, Avhereas the A-oltage of the QFfi 
eomplexc.s and llie P AA'aA'es aa-rs noniial and of good amplitude in all 
leads. 

X-ray examination and fluoroscopy by us- at this time showed a 7 inm, 
rounded foreign l)ody lying about 1 cm. behind the heart near the left 
auricle (Figs. 4B and 4(7). It exhibited no motion AA-ith the beai-tbeat. 
but there aa^s .slight moA'ement Avith respiration. All evidence of the 
pneumopeneardium had sulrsided and the left border of the heart noAV 
folloAA'ed the contour prcAjoush' outlined by the pericardium tcoinpan? 
Fig. 4A and Fig. 47i). 

Comjncuf.— -Altbongh be bad apparently recoA'ered, he ix'-entercd the 
liospital three months after bis in,iuiy. after a trial of light duty, becau.se 
of intenniltent discomfort in the region of the AA-ound of entrance, 
brought on by effort and aggraA’ated l)y deep breatliing. Because of this, 
and also because of the greater ri.sk of i)u)monary infection from con- 
tinued sojourn in thi.s theater, he A\-as c\-aeuated to the Fnited States. 


C.ASE 4. 4fiiJ{ipU. FrarjmrnfH of Fnuitua} Origin in thr Hmri (tnrl 
Lungs . — A ])rivate first class, aged 27 ycais, f*ame under our ob.scrvnfion 
m 'Inly, 1943, with the folloAA-ing history. 

In 1936 while luniting rabbit.s. he Avas accidentally shot by a friend 
by a caliber .22 rifle from a di.stance of about 50 feel. The bullet en- 
tered the third intercostal .space ju.st to the left of tlie sternum, pene- 
trated the ehe.st. lodged against and fractured tlie eighth rib posteriorly 
on the right .side. He Avas knoeked unconscious by the !)h)Av, and upon 
recovery found that he had been taken to a nearby hosjutal. For .several 
day.s he nii.stxl bloody sputum and had severe pain in the nght .side of 
Uic chest. Luring liie third week tin- bullet Avas removed from the ciicst 
Avail (he lias it at liotne a.s a souv<rnir t. Thereafter he made a good recov- 
ery-, hut he has a kd a quiet life since (lien bei-nusc umrsual effort canses 
A'apie discomfort in tlie rig’nt side of the oliest. 


In 193S’ he spent three Aveeks in :i hosfiifnl bwiU-se of right-sided pleu- 
risy, Avhleh was rclievt;d b.A' sii-ajndng. hut jiaraci-nlesi.s Ava.s not iiecr-ssury. 
Since then he has heeu bothered by a •*eatc])ing“ pain at the angh* of 
the right srajml.a on deep inspiration, or upon eerJain v.ovomimiH 

of the trunk. During the Tunisian earnjmign lie liarj ditJirupv tn keep- 


ing up v,-ith ins eon:|)any heeair-e of an aggravatioti of the above t]}s- 
coJ-ofort and, henee, he AVas '•’cnt to the hosj.itrd for study, in July, 

On physk-nl exaiiiinati'-n he appeaiefl to ie- in cxeellent condition and 
tlKf only tKXutiA'e findings u-«-re: '1? a eircuiar scar 1 cm. in diameter 
in the third intorspneo jn^t to the left of the body of the sternum, (2) 
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a small operative scar at the lower angle of the right scapula 1.5 cm. in 
diameter where the bullet had been removed, and (3) slight irregularity 
and deep tenderness over the eighth rib in this region. An electrocardio- 
gram was normal. 

Fluoroscopv and x-ray films revealed the extraordinary picture of 
multiple small metallic foreign bodie.s scattered throughout the right 
side of the thorax (thirteen were identified), (see Figs. 5A, 5B, and 50). 



At: the site of the 

thickening of the with focalized fihrosis of the 

was a collection of tin> metai ^ ^ ^ 

lung in this region. , ‘ ‘K we coSnted four U-shaped 

heart and moving ,shghUy wl«t ^ “test diameter. And 

finally, in the Se heart shadow in the 

be seen three ® £i,„„ moved vigorously with each cardiac 

nutation. ‘'¥hrSX of ihe lowest of the three was most marked with 
a range of motion estimated at 1 cm. 
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Comvieni , At first glance we were puzzled as to the source and Bature 
of these numerous small fragments so widely scattered througli the right 
lung and heart wall, especially since the entire bullet had been renioved 
shortly after his injury, seven years before. However, the miiltiplicii\ , 
the Tuiifofmly small size, and the jiccnliar U-sbaped ap])earance of some 
of these fragments gave us a clue. On requo.stioning, the patient recalled 
that on the day of his accident he was wearing a heavy hunting shift 
fastened by a 6 inch zipper in front, the position of which corresponded 
with the point of entrance of the bullet. Unfortunately, the patient 
never saw his shirt after the accident and nothing was ever said to him 
as to its damage other than that it ivas “ruined.” It seems, however, 
that a zipper shattered by tlie imjiaet of the bullet offers the most likely 
explanation as to the source of these fragments of metal. His present 
symptoms are probably due to persistent irritation at the site of the 
healed fracture. Removal of the retained fragments underlying this rib 
is probably indicated but, because of other considerations, the patient 
has been returned to the United States for further study and treatment. 
There is no indication that the fragments retained in the heart wall or in 
the .substance of the lung have caused serious trouble. 

CONCLUDING REI^LARKS 

, The favorable course of these four patients, in spite of the temporary 
comiilication of pericarditis with effusion in two instances, together with 
a similar favorable outcome in the remaining four patients in this series, 
illiLstrates again the now well-known ability of the heart to witlistand 
physical injury and even to tolerate .sizable slugs of metal vdthin, and 
adjacent, to, its walls. 

It is bur plan to follow the subsequent course of these patients to de- 
termine if later ill effects result from the retained metallic bodies. The 
available data suggest a relatively uncomplicated future, as illustrated 
by Case 4, and also by an additional patient in this series (Case 5), 
not reported in detail here, wlio Avas .shot accidentally in 1925 by a 
caliber .38 reAuhmr. The retained bullet lies directly against the ascend- 
ing aorta, moving vigorously with each pulsation. During the ensuing 
eighteen years this patient has attained some renown as a prize fighter 
and has had no symptoms related to the intrathoracic bullet. 

In the remaining three patients of the series there luiA^e been no serious 
complications, and the foreign bodies are located as follows : 

Case 6.— There are two fragments in the heart muscle, one of ivhich 
lies anteriorly in the region of the aortic orifice and moves rdolently with 
each heart beat; the second lies posteriorly in the cardiac wall near the 
junction of the left auricle and ventricle. The electrocardiogram shows 
late inversion of the T waves in all four leads. 

Oase 7. There is a jagged metallic fragment measuring 2 by 0.5 cm. 

at the lower anterior border of the heart in the region of the right ven- 
tricle. The electrocardiogram is normal. 

8. ^In the right posterior aspect of the heart, probably in the 

wall of the rtght auricle, or in the pericardial tissue, there is a 7 mm. 
fragment of metal Avhich moves so vigorously Avith each heartbeat that 
it is photoo-raphed Avith difficulty. The electrocardiogram is normal. 
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SUMMARY 

The ease histories of four patients (from a scries of eiglit) with pene- 
trating eliest wounds and retained foreign })odies in, or adjacent to, the 
heart are roeoi-dcd. Pericardial effusion was a cojnplicating feature of 
tv,-o, ])neumoporicardium of one, and the fourth case was included be- 
cause of the unusual origin of the i-elained metal h'ngtncnis, namely, a 
shattered zipper. The a%'ailal)le evidence suggests tliat the later coin-st* 
of these patients will he favorable. 

,I um indebted to Lt. Col. James U. Linglcy and Capt. Stanley M. Wyman of 
the X-ray Department for their interest and expert aid in localizing the foreign 
bodies recorded in this report, and to the Signal Corps for the illustrations. 



THE CARDIOVASCULAR SYSTEM IN TRAUMATIC SHOCK 

SEY.AIOUR S. Kety, M.D./" and Alfred Pope, M.D. 

I ,N\^ESTIGATIONS on secondary or traumatic shock were first un- 
dertaken on a large scale as a result of the importance which this 
problem assumed during World War I. A large body of clinical and 
experimental observations were recorded tlien and well summarized in 
the monograph by Cannon,^ published i]i 1923-. i\Ioreovef, during the 
interval between the Avar, 1914 to 1918, and the outbreak of the present 
conflict, a A’-oluminous literature on shock has appeared. Study of this 
material permits the formation of a reasonably clear picture of the 
fundamental cardioA'aseular disturbance, the chain of CAmits leading to 
death, and the relatiA’e importance of A’arious possible initiating factors. 
The following discussion Avill be limited to a consideration of studies in 
this field AAdiieh already haA'e been published, and, for obvious reasons, 
no reference Avill be made to any of the A'ery extensiA’^e and confidential 
investigatiA-e programs Avhieh are at present in progress on many aspects 
of the shock problem. 

The best short definition of shock is that of Harkins, “ “a progressive, 
AmsoconstrictiA’^e, oligemic anoxia.” Most of the essential elements of 
its pathologic physiology are implicit in this definition, and these can 
be most readily amplified and illustrated by resorting to a diagram- 
matic representation (Fig. 1), for many features of which avc are in- 
debted to Blalock,^ McDoAvall,‘‘ Moon,= and Freeman.® 

The bracketed phases of this diagram constitute the fundamental 
hemodynamic disturbances of traumatic shock and account fully for 
its specific clinical features. It is essential to differentiate betAveen 
these primary circulatory factors and the nonspecific environmental and 
functional alterations in the tissues, AAdiich result from reduction in 
blood flow, and Avhich lead to a fatal outcome Avhen occurring in the 
vital oi’o-ans. It is also important to emphasize that this potential 
cycle of shock may be initiated at any one or more of its scA^eral con- 
stituent stages, and that only factors Avliich act in this Avay can be of 
etiological significance. 

The following discussion aaMI be concerned first Avith the relatNely 
well-established specific circulatory changes that occur in shock, and 
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Fig. 1 


Hemorrhage and/or Vascular Fluid Loss 
in Areas of Trauma 



llu'ir consequences 1o Iho economy of the organism. Tlicre will follow 
a brief con.sideration of more controv{;r.sial inritlers, incliuling the prob- 
lem of etiftlogieal factors and that of the .slate of irreversible” shoe.k. 


t'U.XDAitr.STAL IIE^IODY.XA>HC !)I.S'n:i{IJA .VCF. 

Whatever may be theij- difTerenccs on other asjjeet.s of the j)roblem. 
all who have studied traumatic shock in recent years are in substantial 
agreement upon tiic disturbances in canliovascular function whicJi 
cinuiK'terize it. Tiiese may be express<‘d as a sequence of events J‘<?sult- 
infr fn»m reduction in blood volume and leading in turn to dimimition 
in venotss i-eturn, reduction in cardiac, output, reduction in blood 
pns.snrc, and consequi-nt <Iecrease in blood tlov,” to vital centers. Eacii 
step in this sequence not only is rc;i.‘;ona))ie on purely {lu'orctical 
gnnusds. but also is substantiated by Jncasurcnients in experimental an- 
trnrds, and fisany of llie cardiovas^-ular derangements are being cor- 
KilKuatcd by studiffs on tnuunatic shock in man. .N'otcovorthy are the 
extensive cliju'eal invistimitions carried on at the Bellevue Hospital in 
^iCvv \ ork.' to wiiich v,e shall iiave occasion frequently to r(?fer. 

All the evidence indicates that a P-ductiori in effective hlood voliune is 
of fumlamental iTajKolancc, Uect-Uilly, it has been cmphasizC'l that 
«onic nf tiii.s rc-fluctinn may represent blood v.-hicji i.s trapped iti oc- 
dttde^l vasciiiar b<-ds bur, nevcrthcle.vs, such .sequ(st<-rcfi blood is 
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effectively lost, to the circulation. In severe traumatic shock in man the 
a^elage reduction in blood Amlinne has been found to aiiproxiimilr 40 
percent," , 


The early and marked I'cduetion in right auricular pressure which is 
constantly found in all types of shock’ • is reasonable evidence of 
a significant reduction in venous return, upon which undoubtedly de- 
pendvS the severe diminution in stroke volume" and cardiac output per 
minute."' The contrast between this mechanism by which the 
cardiac output is reduced, and primary myocardial failure is obvious. 


The reduction in cardiac output is the precursor of the fall in blood 
pressure which has classically chai-aeterized the shock syndrome, al- 
though as a result of certain compensatory changes the earlier dis- 
turbances may progress considerably before a significant hypotension 
occurs. Since the maximal flow of blood through the cerebral and 
coronary vessels is limited by the intra-arterial pressure, this fall in, 
blood pressure assumes grave significance. 


By invoking certain compensatory meclianisms, however, the organism 
is enabled to survive a reduction in effective blood volume wliich y-ould 


otherwise lead rapidly to death. There is evidence that moderate blood 
loss is not followed by a significant decrease in cardiac output,^® wliich 
may indicate a certain lilood volume reserve brought into play by venous 
constriction. A fall in blood pi’essure, through diminution of the in- 
hibitory impulses from pressure receptors in the carotid sinus and aortic 
arch,^" causes an increase in cardiac rate and, augmented possibly by 
direct stimulation of the vasomotor center through severe decreases in 
cerebral blood flow,^® produces a generalized peripheral arteriolar con- 
striction. In this, the cerebral and coronary vessels take little part 
because of their relatively ineffectual constrictor innervations,^®'^^ and 
the net effect is a redistribution of the diminishing output of the heart 
toward the brain and myocardium at the cost of a great reduction in 
blood flow through less essential vascular beds such as those of the 
skin, gastrointestinal tract, kidneys, and muscle.®® Although an increase 
in the total peripheral resistance®® and diminished circulation in certain 
regions have been demonstrated experimentally,-®-®® the only measure- 
ments in clinical shock (complicated unfortunately by alcoholism) show 
reduction in total peripheral resistance.’ 

The rate and depth of respiration are increased as a result of both 
direct and reflex stimulation of the respiratory center,^"' and these 
respiratory clianges persist throughout all but the terminal stages of 
shock. They occur before there is a significant change in arterial carbon 
dioxide tension or pH, and one of the results may be to augment venous 
. ■return through exaggerated fluctuations in intrathoracic pressure. 

The combination of diminished arterial pressure and generalized 
arteriolar constriction results in a considerable fall in the effective 
capillary filtration pressure. Mobilization of extravascular fluid is 
thus acMeved, and the first step in the restoration of plasma volume is 
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initiated. If the organism is aide to sun-ive tlie early effects of blood 
or plasma lo.ss, regeneration of plasma protein and cellular (!lements 
occult to complete the vc.stitution. 

Tliere has been unwarranted emphasis on arterial oi‘ venous hemato- 
crit values as an index of plasma loss or gain. A layer of relatively 
stagnant ijlasnia adjacent to vessel walls, which is of ai)preciable mag- 
nitude in the smaller vessels, has been demonstrated.-® Thi.s make.s the 
erytliroeyte concentration in capillary blood considerably lower, and, 
in great vessel blood, higher, than the average body hematocrit, h'ur- 
thermore, since this plasma layer varies in magnitude according to the 
total capillaiy surface and velocity of blood flow, changes in these fac- 
toi's may cause mi.sleading clianges in the hematocrit value.s of blood 
taken from peripheral veins.-' Such effects as these may explain the 
inconsistent re.snlts of hematocrit determinations in various types of 
shock. Although hemorrhagic .shock has usually been thought to be as- 
sociated with hemodilution and traumatic .shock with hcmoconcentration 
t>n the basis of hematocrit studic.s. one {jroup has I'cccntly reported' 
consistently reduced red cell hematocrits in cases of shock from .skcleti'il 
trauma without evidence of gro.ss hemorrhage. 

From these fundamental disturbances stem all the clinical man- 
ifestations which have long been recognized as characteristic of .shock. 
The feeble pulse and low pulse pre.ssure are reflections of the diminished 
stroke volume and inci’cased peripheral I’csistancc. The tachycardia 
and hyperpnea arise from reflex and central mechanisms already dis- 
cussed, while the pallor, clammy skin, and cold extremities arc inan- 
ifeslalions of generalized .sympathetic activity and diinini.shcd i)eri])h- 
cral blood flow. ^Mental indifference, drowsine.ss. oi’ stupor arc un- 
dotibtedly si^ns of a severely dc{)rc.ssod cerebral bloofl flow. 


l.MT’AIUlinNT OF HOMKO.STA.SI.S AND .MECIlAXiS.M OF DICATIf 


TitP foreiioitur discussion bris shown that the most .serious consequence 
of primary reduction of blood volume is a «liminislied blood flow to the 
brain ami heart ami to tlio jieripberal tLssues. It lias also been enijibn- 
sized that the relative ischemia of the latter is greater than that of the 
former because of the additive effc;ets of peripheral vasoconstriction 
arid reduction of blood prccssurc. Indeed, compen.satoiy reactions may 
maintain the hlood pressure at normal levels so that cercln-a1 and 
eoronoiy bi«KHl flow is unaff«*cted. iuit only at the expense of a irreatly 
dimitiisbed ]>eripberal flow. 


Iht.‘ tHfrmal t-iivuiation of hlood is by far tin* imeit imjiortanl fact<ir 
in the maintenanee (tf (i»e liomeosfa.sis of the tissues, ilomcostasis is llie 
term u-^pd by t'annon'" *lenofe bis far-reaehinir eom'fqjt that the 
eom|ji<,'X functional aetivities of ;dl spcfdalizcfl organs and ti.ssues of 
multirellular .-iiiimals are directed toward the maintenance of con- 
stancy in the chemical ami plsysical environment of all cells, similar to 
that in the seas in which livimr proccs«.cs Ji.-id their origin. Diminution 
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of blood flow to a tissue will, therefore, be followed by a serious disrup- 
tion of liomeostasis. Not only is there a reduction of the deliver^- of 
oxygen, oxidizable substrates, and other nutrients, but there is im- 
pairment in the removal of carbon dioxide and nitrogenous and acid 
end pioducts of tissue metabolism. Sufficient lowerina' of the oxvgen 
tension mil result in interference with oxidative reactions, and owing 
to the consequent block in terminal oxidations, fermentative breakdonui 
of carbohydrates undoubtedly tends to become predominant. An im- 
portant and harmful consequence of these changes is the production of 
acidosis®®' due to the accumulation of lactic®^ and other flxed acids 
in the blood stream. All of these metabolic and environmental ab- 
normalities eventually lead to interference mth the specific functional 
activities. of the tissues. Breakdown of the integrity of cell membranes 
releases intracellular constituenls, which may appear in high coneentra- 
tioii in the blood as in the ease of creatine^® and potassium.®® Capillary 
anoxemia, if prolonged, may result in increased permeability and per- 
petuation of the shock cycle, as will be discussed in connection with the 
problem of irreversilfle shock. 

Although the degree of ischemia is less marked tlian in the peripheral 
tissues, losses of functional integrity eventually occur in the heart®^ and 
in , the central nervous system, and in these organs such changes lead 
directly to death, which is usually the result of respiratory failure, 

INITIATING FACTORS 

The most controversial aspect of the shock problem concerns the 
mode by which the characteristic progression of changes is initiated. 
Theoretically, reduction in blood volume can be brought about by any 
factor that sets in motion the potential vicious cycle. In clinical shock 
such, factors could include primary vascular fluid loss, intense neuro- 
psychogenic stimulation, and the action of hypothetical toxins derived 
from traumatized tissue. Experimentally, shock can be produced in 
any of these ways, but great caution is nece.ssary in the interpretation 
of the results of such experiments, and much confusion has arisen 
from the conclusion that because a given factor could initiate thib 
progression of events, it must, therefore, be of etiological significance in 

clinical shock. 

It is self-evident that gross uncomplicated hemorrhage can induce 
these changes, and the important Avork of Blalock, of .Paisons and 
Pliemister,®® and of others has clearly shoAvn that the local fluid loss 
in traumatized areas is entirely sufficient to account for the shock that 
develops under the conditions of their experiments. There is now rather 
general agreement that primary vascular fluid loss at the site of injur j- 
is. by far the most important factor in the genesis of subsequent shock. 
In this connection it is of some interest to quote from an excellent clin- 
ical study of actual battle casualties in England during the present war, 
by Keekwick, Marriott, May cock, and Whitby,®® ‘•'In all eases of trau- 
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one 


nmtie slioek seen by ns it lias appeared that the loss of blood voIiuik; 
ean be accounted for by external loss and by extravasation into the in- 
jured area. In no ease lias tbere been any evidence to sup:"osf a loss 
of plasma in regions remote from a seal of injui-y.” 

The theory of traumatic toxemia jiostulate^ the elaboration of a toxic 
factor in damaged tissues which is absorbed into tlie circulation and has 
a generalized action in bringing about a reduction in blood volume and 
hemoconcenti-ation, either by causing iicnphei'al stagnation and pooling 
of the blood in dilated venous or atonic cajullar-y beds, or by producing 
a primary generalized increase in capillar\' permeability. 

The toxic theory of shock is based ujion two types of experimental 
evidence. In one, shock is produced in animals by the parenteral ad- 
niini.st ration of various extracts of normal and traumatized tissues.'*- 
In the other, attempts are made, either by cross-circulation or ei-oss- 
tran.sfusion experiments of varying dcgi-ees of complexity, or by 
measurement or control of local fluid lo.ss,'*^""’ to show that some factor 
other than fluid loss is neee.ssary to explain the jiroduction of shock in 
animals subjected to various foms of trauma. Exiieriments of the first 
type arc not always consistently positive, especially when the element 
of bacterial contamination is controlled,^'' and at best they furnish only 
indirect evidence for the activity of toxic substances dei-ivcd from trau- 
matized tissues. Careful scrutiny of experiments of the second tyi)e re- 
veals that in every ca.se either other factors have not been adequately 
controlled, or traumatic fluid loss is sufficient to explain the I’osnlts.* 

The ncui'ogenic theory of the etiology of shock depends ujroir the as- 
sumption that either there is seque.stration of blood in postarteriolar 
vascular beds, or that prolonged .severe vasoconsti-iclion will r-e.sidt 
eventually in capillary leakage and hence r-eductiorr in Irlood volume. 
That the latter can occur exper-irnentally has been shown by the worlc 
of Freeman."" and (dinical experience has indicated that nervous and 
psychic faeloi-s may hasten or accentuate the devrfloprnent of .shock in 
wounded individuals. Tlu-re is, moreover, considcr-sdrle exj)iM-imental evi- 
dence''- which ajipenrs t<» support this theory. However-, in 
must laboi-atory experiment.s nettrogenic facloi-s ar-e controlled by the use 
of barbiturate anesthesia, and both tin- neur-ogenie and toxic ibeorie.s are 
rendi-red open to .serious question by the irrability of invest igalor-s to 
fuid evidence i^or an im-r-ease in capillary permeability in either- elin- 
iea!'- or experinu-ntr!) ,slioek.‘‘ ^Moreover-, many exjierimenls have 
.shown that when fluid loss in traumatized regions is ju-evctrited, shock 
f.'iils to develop.-'-''' 

It Keems n/asonahle, therefor-e. to .state that hemorrhage .-md (rau- 
matie ruTir-.ion ea<-Ii has her-n demoristrated to he a necessary and snf- 
fieierit cause for tin- devulopmetjl of slroek. and that while other factors 
(neurogenic, toxic j have not been .shown to be ncfes.sary causes, tjiey 

*A ffiUf-'! r.rit'SjM!.: of rxsi^rhfifr.lal ->!! !!i<- toxlr tlnorv «r 

wUl »•«- Jr. fetuff {■•lijii'-nti'.n. 
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are sufficient ones under cei-tain experimental conditions and Jiave not 
been excluded as playing- at least a contributory role in tlic genesis of 
botli experimental and clinical shock. 


THE PROBLEJI OF IKRE\T2KSIBLE SHOCK 


It is possible ndtli care and, when necessary, by removal or transfusion 
of apiiropriate amounts of blood, to maintain an animal in a state of 
severe hypotension vuth arterial blood pressures of about 30 to 40 mm. 
for a period of several hours. If the circulatory embarrassment has been 
sufficiently severe and prolonged, a .state is reached in which even the 
reinjection of -all blood remo\'ed null result in no improvement, and 
death cannot be prevented. Post-mortem examination of such animals 
usually reveals hemorrhage into the gastrointestinal tract and visceral 
congestion.^-'' Until recently, a satisfactoiy explanation for this 
irreversible state lay in tlie supposition that intense peripheral vaso- 
constriction, by virtue of the capillary blood stagnation and anoxemia, 
so damaged the endothelium as to render it permeable to blood colloids 
and cellular elements. Tliat such a chain of events is possible is in- 
dicated by the experiments of Freeman and collaborators®® who were 
able to^ produce fatal shock with demonstrable gastrointestinal hemor- 
rhage by tlie continuous intravenous administration of epinephrine. 
Landis®® has shovm that capillary stagnation and anoxia may result in 
abnormal endothelial permeabilitv. Pine and Seligman® found evidence 
of loss of tagged plasma protein into some organs in the last stages of 
hemorrhagic shock. The bulk of evidence indicates, however, that 
generalized loss of plasma proteins either does not occur,"' or if it 
occurs, is insufficient to explain the state of in-eversibility.®> Two 
other mechanisms have been offered as possible explanations for this 
puzzling phase of shock : a pooling of blood in the postarteriolar vascu- 
lar bed,® and myocardial failure.®"’®® Further studies are necessary 
before their relative roles can be evaluated. 

Irreversibility is apparently an important cause of therapeutic fail- 
ures in eas&s of human shock,®® and elucidation of its pathologic physi- 
ology is, therefore, imperative. 

Tlie authors msli to express tlieir great indebtedness to Drs. Joseph C. Aub, 
Austin M. Bmes, Ira T. Natlianson, and Paul C. Zamecnik for invaluable sugges- 
tions and. criticisnis in connGction witli tliG prcpuiation of tlie foregoing’ discussion. 

References to the literature on traumatic shock are necessarily limited to ceifain 
articles especially pertinent to the present discussion. Extensi%-e and complete 
bibliographie.s on shock are available in the excellent reviews of Harkinss and 
Wiggers.34 
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EPPECT OF EXTERNAL HEAT AND COLD ON PATIENTS - 
WITH ANGINA -PEQTORIS: EVIDENCE FOR THE 
EXISTENCE OP A REFLEX FACTOR 

A. Stone Freedberg, M.D., Erwin D. Spiegl, M.D., 

- . . AND Joseph E. P. Riseman, M.D. 

' , . Boston, Mass. 

INTRODUCTION 

P ATIENTS with angina pectoris commonly experience an increased 
frequency of attacks during cold weather. This clinical observation 
has been corroborated b}’’ recent laboratory studies^ which showed that 
almost all patients- with angina pectoris experience typical attacks dui- 
ing- exercise in a cold room (45 to 55° P.), whereas many patients fail 
to develop angina with similar or more severe exercise at ordinary room 
temperatures (72 to 75° P.). The standardized exercise tolerance 
tesP for angina pectoris is based on this phenomenon. To gam insight 
into the mechanisms responsible for variations in the severity of angina 
pectoris under different thermal conditions, studies have been made of 
the effects of general and local application of heat and cold on the ex- 
ercise tolerance of patients with angina pectoris. Experiments bearing 
..on the mechanisms of the changes observed have also been performed. 


■ - material and' methods 

TwprltvPvo natients with angina pectoris due to coronary arteno- 

Uventy ^ere men. ^11 had 

periods ranging from months to yeais in a _ under standardized 
tndv of ansina nectoris: the amount of exercise undei standaiaizea 

mnttioL nieessf-y to produce attacte of 

measured in each case on many occasions, and the tests veie 

‘^^Th^stSSed conditions of the test were similar to those described 
preinously The patient repeatedly mounted and descended a tvm-s .ep 
Lircase in a room (cold room) which was kept at ^ 

45 to 55° P. Until he was forced to stop by a tjpical attack of angina. 
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All tests were eciiTicd out iit leiist one hour utter u lig’lit lirenkfast aucl 
after the patient had rested a minimum of one-half hour. Only one 
test Avas carried out on any one day, and all measurements of the effects 
of a o-iven procedure Avere made on at least tAvo oeeasions. The patient 
received no medication during the period of study. Under these con- 
ditions, the amount of Avork necessary to precipitate angina in most 
eases Avas extraordinarily constant, varying Avithin plus or minus 10 
per cent of the patient’s average exercise tolerance. 

To observe the effect of heat, tests Avere carried out under the folloAv- 
ing conditions; (a) the patient exercised at temperatitres of 72 to 75° 
F. (Avarm room) : (b) on another day he repeated the exercise tolerance 
test in the cold room after he had immersed his hands and Avrisls in 
water at 110° F. for ten minutes or applied a chemically heated pad* 
at a temperature of 110° F. to the bare skin, usually of the abdomen, 
for ten minutes. 

To observe the effect of locally applied cold, the patient exercised at 
room temperatures of 72 to 75° F. Avhile holding an ice cube in one 
hand. In a fcAV instances the local effect of cold Avas obtained by strap- 
ping ice to the thigh or by spraying ethyl chloride upon the exposed 
back. 

Electrocardiographic studies, utilizing Lead IVR, Avere carried out 
during exercise in the manner previously described.-’ ’ Tracings Avere 
obtained Avith the patient at rest, immediately before cessation of exer- 
cise and continuing for fifteen seconds thereafter, and one, three, and 
five minutes later. The change in the initial portion of the S-T segment, 
as compared Avith the terminal portion of the P-R interval, Avas measured. 
The changes in ten consecutive complexes Avere measured and averaged. 

RESULTS 

I. THE EFFECT OF HEAT AND COIiD ON THE EXERCISE TOLERANCE OF PATIENTS 

AVITH ANGINA PECTORIS 

The Effects of Varying the Temperature of the Environment on the 
Exercise Tolerance. — Wlicn the test A\’as carried out at a room tempera- 
ture of 72 to 75° F., 12 of the 22 patients Avere able to do considerably 
more Avork than Avas possible in tlie cold room (45 to 55° F.) (Table 
I). The average exercise tolerance of these 12 patients Avas 52.5 trips 
at ordinary room temperature, as compared AA’ith 37.2 trips at 45 to 55° 
F.; 7 of the 12 patients failed to develop pain AAdien they exereised at 
ordinary room temperature (72 to 75° F.). In 10 cases the exercise 
tolerance aa’os not affected by the eiiA’-ironmental temperature; the aA’er- 
age exercise tolerance Avas 27.5 trips at ordinary room temperature and 
30.6 trips in the eold room (Table I). 

The Effect of Local Application of Heat on the Exercise Tolerance . — 
This study Avas made on 19 patients after the exercise toleranee Avas 
established in the cold room. Eleven of the 19 patients (Table 1) Avere 
able to do more Avork Avhen, after immereion of the hands and Avrists in 
hot water, the test Avas repeated in the cold room. The average exer- 
cise tolerance Avas 52.4 trips in the cold room after immei'sion of the 

t)icldnson^^& heated pads (Thermat) used in this study -were supplied by Becton, 
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liciiids {Hid wrists in iiot Wcitcr, and 35.6 trips in the cold room. Avitliout 
such application of heat. Six of the 11 patients (Table I), however, 
stopped exercising because of fatigue, witliout developing pain. The 
increase in exercise tolerance was approximately the same after immer- 
sion of the hands and wrists in hot water and after application of a 
chemically heated pad to the abdomen. Immersion of the hands and 
wrists in hot water before entering the cold room enabled 9 of these 
11 patients to do essentially the same amount of work in the cold as 
they were able to do at ordinary room temperature (Table I). 

In 8 cases, immersion of the hands and wrists in hot water was witli- 
oiit significant effect; tlie exercise tolerance averaged 32.9 trips after 
the application of lieat and 29.6 trips without previous ainilicatioii of 
heat (Table I). 

Table I 

Exercise Tolerance 


NUMBER OP TRIPS OVER TWO-STEP STAIRCASE 


PATIENT 


H. Sclir. 
H. 0. 

S. W. 

P..S. 

V.B. 

H. ScW. 
H. B. 

L. W. 
S.R. 

S. L. 

P. B. 

M. L. 

H. S. 

B. A. 
B.K. 

S. E. 
M.A. 

F. G. 

B. S. 
R.B. 

E. B. 

J. G. 


ROOM TEMPERATURE 

45 TO 50° F. 


NO 

MEDICATION 

TWO MINUTES 
AFTER 1/200 
gR. NITRO- 
GLYCERIN 

AFTER IM- 
MERSING 
HANDS IN 
HOT WATER 
(110° F.) 
FOR TEN 
MINUTES 

NO 

.MEDICATION 

26 

50+-^ 

50+ 

53+ 

17 

30-1- 

30+ 

25+ 

28 

45-1- 

45+ 

40+ 

22 

44f 

41 

31+ 

29 

40+ 

40+ 

40+ 

54 

62+ 


62+ 

78 

100+ 

100+ 

100+ 

36 

76 

58 

69 

50 

75+ 

65 

67 

26 

39 

36+ 

38 

44 

62+ 

54 

59 

36 

60+ 

57 

46 

61 

67 

67 

63 

50 

50 

50 

52 

30 

26 

33 

28 

27 

27 

27 

25 

24 

28 

24 

25 

23 

22 

28 

25 

18 

19 

22 

19 

13 

13 


16 

10 

9 


12 

5 

10 

12 

10 


ROOM TEMPERATURE 
72 TO 75° F. 


PATIENT 
HOLDING 
ICE CUBE 


34 
22 

29 
23 

30 
43 
92 
39 
47 
29 
39 

35 
63 
50 
2S 
27 
23 
25 
17 
15 
12 


Patient stopped exercise because of fatigue or upon request. 


. Comvarhon of tU Effect of Heat With the Effect of Nitroglycerin.— 
In all of the 22 cases the effect on exercise tolerance of the prior appli- 
cation of lieat was essentially the same as the effect of the sublingual 
^ administration of 1/200 grain of nitroglycerin two minutes before the 
beginning of exercise (Table d). Thus, the twelve patients who were 
able to do more work at ordinary room tempeiature oi in the cold after 
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{lio Iof?al ai>i)lication of heat silsn showed an increase in exercise tolor- 
anee after the administration of nitrot^lyceritn In 3 of these eases tin* 
amount of exercise performed in the cold room without pain was aj'pre- 
ciably greater witli nitroglycerin than the amount of exercise which llie 
same j)ersons were able to do in a warm atmosj)hcrc or in the cold after 
immei'sion of the hands and wrists in hot water (Table I). 

The remaining ten i)atient.s were able to do no more work (Table 1) 
in a warm room or in the cold room after the administration of nitro- 
glycerin or the local api)lication of heal than under the standard con- 
ditions in the cold room (45 to 55° F.)- 

The Effect of Locally Applied Cold. — Twenty-one of the 22 patients 
invariably had attacks of angina pectoris with cxereiso at ordinary room 
temperature when they held an ice eiihc in one hand. Tn tljc few in- 
stances studied, strapjiing ice to the thigh nr spraying ethyl chloride 
upon the exposed back gave the same results. The attacks Avere identical 
with those experienced in daily life and with those produced by the 
.‘Standardized exercise tolerance tc.st in the cold room. The exercise tol- 
erance in a warm room Avliile holding an ice cube was similar to that 
under the standardized conditions in the cold room in nineteen of the 
22 eases (Table I). Of the remaining three ])atients, two performed S 
and 14 trips more, respectively, and one 11 trips less, than when exer- 
cising in the cold room. 

The Time. Necessary io Ohlain the Effects of Local Chillivy. — This 
was studied iti 3 cases (Fig. 1 ). Tiiero was an appreciable reduction in 
the exercise tolerance, although the patient discarded the ice cube ten 
seconds after the onset of exercise. 'I'lie maximum efi’eet of locally ap- 
plied cold in deercasintr the exercise tolerance was observed on two 
patients who held the ice for thirty to forty seconds after liie onset of 
exercise. 

Thf Duration of the Effect of Expoanrr. to Centralized- Cold . — This 
was obsc’rved in 7 ca.m-s. Four patients showed an increase in exercise 
tolerance of -J‘2 jxo- cent at ordijiary roftiri 1emjiej‘aturc.s, as comisircd 
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to the cold; rest for t.liree iBimitcs in the cold room liefore exercising at 
ordinary room temperature prevented this increase. The remaining 
three patients, rvlio rested in the cold room for three minutes and then 
exercised at ordinary room temperature (72 to 75° F.), were able to do 
40 per cent more work than in the cold (Table II) ; they could do 
76 per cent more work in the warm room when not exposed previously 
to cold. 



DURATION OF EXPOSURE TO COLD (ICE CUED 


Fiff. 1. 

11. STUDIES ON THE MECHANISM OP THE EFFECT OF TEISIPERATURE ON THE 
EXERCISE TOLERANCE OF PATIENTS TVITH ANGINA PECTORIS 

Blood Pressure and BeaH The effect of local chilling on the 

arterial blood pressure was studied on five patients with angina pectoris 
and normal blood pressure. ]\Ieasurements were made by the ausculta- 
tory method everj'^ fifteen seconds for two and one-half minutes after 
the patient, seated at rest, grasped an ice cube in his right hand. No 
change in blood pressure occurred in four patients, two of whom had 
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responded to the loenl and jx(‘neral apjilication ol' heat hy an incroaKe 
in exercise tolerance. In tlie fifth case (Itl. L.). in which warmth or 
nitroglycerin caused a slight increase in exercise tolerance, the. blood 
pressure increased from I40/S0 to 160/94 within fifteen seconds after 
applying the ice cube, and reached a maximum of 180/100 in two min- 
utes. 

]\reasurements of the blood pressure by the palpatory method and of 
the heart rate from continuous electrocardiographic tracings during 
exercise showed no consistent differences when the same amount of ex- 
ercise was ])erforrned in the cold room, in the v/arm room, in the warm 
room while gra.sping an ice cube, or in the cold i-oom after ))oth hands 
and wrists had been immeised in hot water. In accord with previous 
observations, ■* the heart rate increased to a greater or Ic.sser degree dur- 
ing exertion, and returned to normal after intervals which, although 
they varied in different eases, were remarkably constant for each in- 
dividual. The blood ])re.ssure rose or fell during exerci.se, but invai-iably 
rose after cessation of exertion. 

Chillinf/ of the Blood C&nscquful (o Lncnl Appliculion of Cold. — In 
two eases, the venous eirculatiou in the arm bolding the ic(! cube was 
occluded by a blood pre.ssure cuff which was inflated to about diastolic 
blood pi'cssure. Angina was induced in each instance by the same 
amount of exercise as was ncec.s.sary without the cuff (Table 111). 

Tahi.k iir 
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The Effa l of Alropim . — Atn»jiinc sulfate (l/GO to 1/80 gi-aiii ) wa.s 
administered siiheutaiuanisly 1f> f«jiu‘ jaitioits, and caused no change in 
the exercise toleranct; of two oi them under siandardizr-rj eold condi- 
tions; the other two had decreases (»F 27 and 2a f»cr cent, rcHpcclivcly, 
tinder these eontbiiniis < Tabic IV). The onil .'idniinislnilion of l/.oO 
erain oi .’itropine suiiatc to three jiatirnts failed to protbict* any change; 
if! Ine rxereise toleranec when the work was carried out a! ordimiry 
roojit {‘TiipetatuiT' v.-jfh an ice culje in one htuid. 

J.hi ftfoortlifoiritpliii .s'tto/o s.--- Fivt* patittnls wiio showed int'rea.scs 
in exi*r<4'..;> tnl'-rafiee in n-stiouse to hc.-it or tiitro^iiyeoriii and [tntient 
(11. A.) A’. fiu din not iT**p<»tid 1*) ihi-si" measures rt;vealefl ehatmes in tlie 
S-T S'i'-menl <iurintr exereiM,; which v..-re esM-iuially ih- same, regard- 
less of the tempensltire of the environment. Three jmtienfs who re. 
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Table IV 


The Effect of Atuopine on the Exebcise Tolerance 


PATIENT 

NUMBER OF TRIPS 

NO MEDICATION 

AFTER ATROPINE 

Gronp A 

Exercise Tolerance Slvdied Under Standardized 
Boom Temperainre 45 to 50° F. 

Conditions. 

. E. S. , 

20 

21 

L. S. 

20 

21 

E. W. 

3S 

28 

P. P. 

44 

33 

Groiq} B.\ 

Exercise Tolerance Studied at Itoom Temperature of 

72 to 75° F. 

Eaticni Tlolding lee Cube During Exercise. 


H. Sclir. 

M 

34 

L. W. 

40 

39 

S. E. 

47 

47 


♦Atropine Sulfate, 3/30 to 1/CO grain subcutaneously, 
t Atropine Sulfate, l/aO grain orally. 


TEMPERATURE OF ROOM 


45-55 F 


• 'BEFORE 
EXERCISE 


72-75 F 

ice IN HAND 





72-75" F 





. after I,;:.-..- 

EXERGlS&-^’''v’T'' 







50 TRIPS 
PAIN 


50 TRIPS 
PAIN 


Fig. 2. 


50 TRIPS 
NO FAIN 


ponded to licat or nitroglycerin showed, in tlie cold room, an increased 
epression of 1.2 to 1.7 mm. in the S-T segment in Lead IVE, as com- 
ared to the findings when the same amount of exercise was earned 
ut at ordinary room temperatures (Table V, Fig. 2). Tracings oh- 
fined on eleTen subjects who exercised at room temperature while 
rasping an ice cnlie were similar to those during exercise under the 
siial standardized conditions in the constant cold temperature room 
Table VI, Fig. 2). 
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Table V 


Comparison op the S-T Segment Changes* After the Same Amount op Work 
Performed in the Cold Temperature Room (45 to 50° P.) and at Room 
Temperature (72 to 75° P.) 


patient 

room temperature 

45 TO 50° p'. 

ROOM TEMPERATURE 

72 TO 75° p. 

number OP' 
TRIPS 

S-T SEGMENT 
CHANGES* 
(MM.) 

number op 

TRIPS 

S-T SEGMENT 
CHANGES* 
(MM.) 

H. Schr. 

26 

-1.5 

26+t 

0 

S. R. 

50 

-2.7 

51+ 

-1.0 

L. W. 

36 

-2.7 

36+ 

-1.5 

S.W. 

38 

-1.7 

38+ 

-1.7 

M. L. 

40 

-1.8 

40+ 

-2.0 

H. Schl. 

54 

-2.5 

54+ 

-2.5 

P. R. 

44 

-3.5 

44+ 

-3.0 

B. A. 

50 

-4.0 

50 

-4.0 

V. B. 

32 

+2.0 

32+ 

+1.5 


*Averag'e of ten consecutive complexes. 


t+ = Patient stopped on request. 


Table VI 


Comparison op the Exercise Tolerance and S-T Segment Changes During 
Exercise in the Cold Room (45 to 50° P.) and at Room Temperature 
(72 TO 75° P.) While Grasping an Ice Cube 


PATIENT 

ROOM TEJIPERATURE 

45 TO 50° P. 

ROOM TEMPERATURE 

72 TO 75° P. 

ICE CUBE IN HAND 

NUMBER OP 
TRIPS 

S-T SEGMENT 
CHANGES* (MM.) 

NUMBER OF 
TRIPS 

S-T SEGMENT 
CHANGES* (MM.) 

R. C. 

26 

-1.0 

18 

-0.8 

R. S. 

22 

-1.2 

23 

-1.2 

W. Sehr. 

26 

-1.5 

32 

-2.0 

S. W. 

28 

-1.7 

29 

-1.5 

M. L. 

40 

-1.8 

37 

-1.3 

L. W. 

40 

-2.7 

39 

-3.3 

S. R. 

50 

-2.7 

47 

-3.3 

H. B. 

78 

-3.0 

83 

-2.5 

P. R. 

44 

-3.5 

35 

-4.0 

B. A. 

50 

-4.0 

50 

-4.0 

V. B. 

32 

+2.0 

32 

+2.0 


♦Average of ten consecutive complexes. 


Holding an ice cube for six or seven minutes while seated at rest 
caused no appreciable changes in the electrocardiograms of four pa- 
tients; angina was not induced by this procedure. In 3 cases in which 
there was an increased exercise tolerance after heat or nitroglycerin, 
drinking 200 to 400 c.c. of ice water caused no precordial pain^ or 
change in the S-T segment in the electrocardiogram. One of these 3 
patients with angina and 3 of 8 normal subjects® developed a decrease 
in the amplitude, or inversion, of the T wave in Lead III. 

In 2 cases, in which, at ordinary room temperature, the patients per- 
formed 40 per cent of the work previously shown to cause angina pec- 
toris in the cold, the subsequent application of ice to the skin of the 
hands or abdomen caused no changes in the electrocardiogram which 
were different from those which occurred after similar work without the 
application of ice. 








l<RErt,DBhRG ICT AL. : HKAT AND COLD IN 


ANGINA PECTORIS 619 


DISCUSSION 

The results of tlie present study corroborate earlier clinical'-^ and 
laboratory" observations on the striking- effects of cold on patients with 
angina pectoris. Patients who do not experience angina during exercise 
at room temperature develop a typical attack at tlie same room tempera- 
tuic during exerci.se while holding an ice cube. TJiis observation paral- 
lels the experience of many patients ivJio, although warmly clothed and 
with only the face exposed, nevertheless have many more attacks of 
pain in winter than in summmer. A definite decrease in exercise tol- 
erance may be observed in as short a time as ten seconds after the ice 
is gra.sped. Consideration of the mechanisms which might be respon- 
sible for the observed phenomena leads to the conclusion that a reflex 
factor is involved. Obstruction of the circulation in the hand holding 
the ice cube does not obliterate the effect of cold, wliieh eliminates chill- 
ing of the blood as a cause for the exacerbation of angina by cold. The 
decrease in exercise tolerance that is observed when an ice cube is held 
in one hand cannot be psychic in origin, for it was possible to repeat 
the experiment many times wfith identical results. Pain and discom- 
fort are not factors in this decrease in exercise tolerance, for holding an 
ice cube is not necessarily painful; heat, although it is often equally 
uncomfortable, has an effect opposite to that of cold, and the previous 
local application of heat abolishes the effect of local or generalized cold. 
Studies of the changes in heart rate and blood pressure at rest and 
during exercise with exposure to generalized and locally applied cold 
have not yielded data which permit one to ascribe the results to these 
factors. Accordingly, an increase in cardiac work caused by increased 
peripheral resistance cannot be considered an adequate cause of the 
observed reduction in exercise tolerance which follows the local applica- 
tion of ice. Similarly, increased cardiac work caused by increased out- 
put can be ruled out by the studies of Grollman."® It appears, therefore, 
that the factor responsible for exacerbation of angina by cold is reflex 
in origin, and may involve constriction of the coronary arteries or failure 
of vasodilatation. It is of interest in this regard that cooling of the 
skin of cats causes reflex vasoconstriction in the intestine."" 

The present study presents objective data in support of the concept 
that coronary artery vasomotor changes, probalily reflex in origin, exert 
a contributory influence in the precipitation of attacks of angina pec- 
toris. Spasm of the coronary arteries could explain the precipitation 
of attacks by emotion, the occurrence of anginal pain after meals 
or with cholecystitis," " 'aha' the increased frequency of attacks during the 
winter months. The studies of Schlesinger"" and Blumgart, Schlesinger, 
and, Davis"'’ show that the coronary collateral network usually includes 
segments of vessels with relatively little arteriosclerosis. Therefore, the 
possibility of vasoconstriction and vasodilatation in these nonrigid an- 
astomotic vessels cannot be disregarded. 
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It lias been demonstrated that the nitrites, including nitroglycerin, 
are coronary artery vasodilatorsd'’-®^ The use of these substances en- 
ables many patients with angina pectoris to do considerably more work; 
electrocardiograms in such instances show less change in the S-T seg- 
ment during exercise with medication than without it.®’ Similarly, 
the local or general application of heat enables many patients with an- 
gina pectoris to do more work in the cold; this increase in exercise toler- 
ance may likewise be accompanied by less change in the S-T segment 
during exercise. It is to be noted that every patient who showed an 
increase in exercise tolerance after receiving nitroglycerin responded 
similarly to the prior application of heat. The degree of response to 
heat and nitroglj’-cerin is similar in the vast majority of patients. It 
has been shoum®^ that immersion of the arm in a warm bath does not 
significantly change the cardiac output. These observations suggest that 
heat acts as a coronary vasodilator; this may occur reflexly. 

A group of patients were found to exhibit no change in exercise toler- 
ance after the general or local application of heat (Table I); thej’’ like- 
wise did not respond to the vasodilator drugs (Table I). In general, 
this group is characterized by a low exercise tolerance. The expectation 
of life of these patients appears to be less, in our experience, than that 
of patients who respond favorably to the administration of vasodilator 
drugs.®® Since the s.yndrome of advanced angina pectoris is always 
associated with extensive disease of the coronary arteries,’^''’ it is not 
unexpected that certain persons fail to show effects which we consider 
to be vasomotor in origin. 

The prophjdactic use of locally applied heat (hot water or Thermal 
pad) obliterates the effect of local or generalized exposure to cold and 
enables some patients to do much more work in the cold. This phe- 
nomenon may be of value in the prevention of attacks in daily life. For 
instance, one patient, F. G., a chauffeur, aged 50 years, frequently ex- 
perienced angina while driving in cold weather. He Avas able to drive 
Avithout experiencing pain if he placed a chemical heating pad against 
his abdomen before he left his home. Clinicians in the past have made 
similar observations. For example. Parry stated that patients Avith 
angina pectoris Avere to avoid “Avant of circulation in the extremities 
and skin, eAunced bj’’ coldness of these parts. . . It ought therefore to be 
guarded against by proper clothing. . . , so as to keep the AA’hole body 
dry and Avarm. ’ Other authors®^’ ®" have recommended the use of 
heat over the sternum, or baths, to relieA’^e the pain of angina pectoris. 

The fact that most patients, Avhen exercising under standardized con- 
ditions in the cold, develop typical attacks, and that the amount of ex- 
ercise necessary to induce such an attack in a giA’^en instance is remark- 
ably constant has been utilized for the .study of angina pectoris in this 
laboratory. A disadAmntage of the starrdardized exercise tolerance test 
as described is the need for a constarrt-temperature cold room. The 
present strrdy shoAvs that this can be obAuated by liaAdirg the patierrt 
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hold an icc cnbe in one band dm-ing- exercise at ordinary room tempera- 
tuie; the results are similar to those wliich are observed under tlie stand- 
ardized conditions in a constant-temperature cold room. 

This stud} again emphasizes the importance of utilizing cold in the 
precipitation of attacks of angina pectoris in the laboratory.^ 


SUiMMARY and CONCLUSIONS 

1. Objeetive quantitative studies of the effects of heat and cold on 
patients mth angina pectoris have been presented. 

' 2. The local application of ice to the hand during exercise reduces 
the exercise tolerance of patients with angina pectoris, and results in 
the precipitation of pain in a warm room. This observation parallels 
tiie experience of many patients witli angina pectoris who, although 
warmly clothed, and with on].y the face exposed, nevertheless have many 
more attacks of pain in winter than in summer. 

3. Tlie striking effect of the local application of cold may be demon- 
strated ill ten seconds, is maximum in thirty to forty seconds after ap- 
plication, and cannot lie prevented by obliteration of tlie venous return. 
Its effects are nullified liy tlie prior application of lieat or administration 
of nitroglyceiin. 

4. These studies lend support to the concept that coronary artery 
vasomotor changes, probably reflex in origin, exert a contributoiy in- 
fluence ill the precipitation of attacks of angina pectoris ; and that heat 
acts as a coronary vasodilator and cold as a vasoconstrictor or to jirevent 
vasodilatation. 

5. The prophylactic use of heat enables many patients noth angina 
pectoris to do considerably more work in a cold atmospliere, and sug- 
gests that the local application of heat may be of value in the preven- 
tion of attacks in daily life imder certain circumstances. 

6. The local application of ice may be utilized clinically as a substi- 
tute for a cold room in precipitating attacks of angina pectoris for 
diagnostic and other jiurposes. 
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OCCUPATIONAL POTENTIALITIES OF CAEDIAC PATIENTS 

BEiiTRICE KrESKY, I\I.S., and LEONARD J. Goi.DWxiTER, M.D. 

New York, N. Y. 


T he incidence of hypertensive and arteriosclerotic lieart disease is 
steadily growing as a consequence of the increase in the average 
age of the i^opnlationd Tims, there is a larger number of cardiac pa- 
tients in the older age groups who must be cared for bj^ their families 
or by governmental or philanthropic agencies, unless the}^ can support 
themselves. In addition, rheumatic heart disease, although its general 
incidence is decreasing, still continues to cause disability, as well as 
death, among young persons,-’ ^ and therefore presents a problem of 
vocational guidance and training. 

Cardiovascular diseases, in general, progress slowly; consequent, 
many cardiacs c<in look forward to a considerable number of years of 
suiwival after their disease is discovered. Patients with hypertensive 
heart disease will, in the majority of cases, show evidence of the dis- 
ease in the fifth decade, and thereafter may count on ten or more yeais 
of com 2 Daratively normal existence. The average age of onset of 
arteriosclerotic heart disease is in the sixth decade, and several year’s 
of economic productivity arc usually possilfie before the necessity for 
retirement occurs. Eheumatic heart disease vdll most often manifest 
itself in the second decade. Subsequently, the victim may live ten to 
fifteen year’s before severe congestive failiu’c and incapacitation develop." 

The solution of the occupational problem depends upon several fac- 
tors- fii’st, an evaluation of the patient’s functional and therapeutic 
status; second, the tjTie of occupation for which he has been trained; 
third, the necessity for self-support ; and, fourth, his emotional reac- 
tion toward his disease. These factors make the question of economic 
rehabiUtation an individual problem lor each patient, and make it di - 
fleulf to offer any set rule for the type and amount of work a patient 

vdtli heart disease can do. , . 

Ill 1941 in conjunction udth the New York Heart Association and 
the BcUoTOe Hospital Adult Cardiac Clinic, we initiated a 
which, it was hoped, would eventually produce 
tag questions: (1) Vliat tjTies of occupation ai'e best suited 
with heart disease! (2) What effect do various occupations have on the 

course of heart disease? 

cS Cilalc, Edlevue HosplO.,, 

Received for publication May 1, 1943. 
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- EMPLOYilENT STATUS OF PERSONS WHO WERE ATTENDING 
ADULT CARDIAC CLINICS IN NEW YORK CITY 

In order to establish a background for the study, tlie charts of 2,081 
patients who were attending ten New York Heart Association adult 
cardiac clinics were reviewed ivith reference to type of heart disease, 
functional and therapeutic classification, and occupation.*' Since these 
patients had a comparatively small, income, any conclusions drawn 
from tliis study will lie applicable only to similar economic groups. 

Table I shows that, of the 2,081 patients who wore attending the 
adult cardiac clinics, approximately lialf ivere males and half females. 
In age distribution, 26 per cent were under 35 years of age, 36 per cent 
were between 35 and 54, and 38 per cent were 55 and over. The aver- 
age age of the Avomen was less than that of the men. 


Table I 

Age and Sex Distribution or 2,0S1 Patients Who Ati’ended the N'ew York: 
Heart Association Adult Cardiac Clinics in 19-11 


AGE 

.AIALB 

NUJIBER PER CE.NT 

FEMALE 

NUJfBER PER CENT 

TOTAL 

NU.MBER PER CENT 

0 —31 

22G 

22 

317 


513 

26 

35—51 

325 

.'!2 

117 

39 

712 

36 

55 and over 

ICS 

10 

32S 

31 

796 

3S 

All ages 

1019 

100 

1062 


20S1 

100 


Table II shows that 84 per cent of the ivomen and 47 per cent of the 
men were working in 1941. The proportion of women who were work- 
ing was high because ivomcn ivho did their own houseworlc Avere classi- 
fied as Avorking, and also because the average age of the Avomen Avas 
less than that of the men. The percentage of men avIio Avere Avorking 
decreased gTeatly Avith age, Avhereas the percentage of Avomen avIio Avere 
AAmrking decreased only slightly in the oldest age group. This differ- 
ence is undoubtedly due to the fact that older men cannot obtain em- 
ployment easily, Avhereas Avomen can ahvays do liouseAvork. 


Table II 

Proportion op P.vtients Who Were Woricing in 1911 


AGE 

MALE 

PER CENT AVORKI.NG 
FEMAI.E* 

TOTAL 

0 —31 

SI 

S7 

81 

35 — 51 

51 

S9 

72 

55 and over 

25 

75 

40 

All ages 

17 

SI 

65 


* Includes housewives. 


Ninety liouseAidves Aidio Avere attending tlie Bellevue Hospital Adult 
Cardiac Clinic Avere inteiwicAved in order to ascertain the amount of 
Avork involved in keeping house. Table III sIioavs that only 28 per cent 
of the Avomen did no housework or did very light Avork. Seventy -tAVO 

are indebted to Miss Claire Lingg-, of the Research Committee of the 
iNew York Heart Association, under whose auspices the charts were reviewed. 
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X)cr cent performed wliat was considered the equivalent of a day's 
work in, industry. The number of rooms and people in the house liold 
and the assistance proidded by oliier members of tlie familj* were taken 
into consideration in estimating whether the amount of liousework was 
liglit, moderate, or lieavy. 

Tabi.e III 

Amouxt of Worn pEiiFonAiED nv 90 Housewd’es Who Were 
Questioned at the Beleevue Hospital iUiULT CAnDiAC Oltntc 


No work jit home 
Light cooking or cleaning 
^lotlcrate cleaning and cooking 
Heav>’ cleaning and cooking 


PEH CE.N'TAfiE WSTKIBUTION 
_ 

20 

04 

3S 


Table IV shows tlie occnpatioiial classification* of patients who were 
worlviiig ill 1941. Forty-tAVo per cent of tlic men vere engaged in 
sldiled or semiskilled ivork, and 29 per cent in unskilled work. A con- 
siderably larger proportion of mcu than ivomen did professional, cler- 
ical, skilled, ^r semiskilled work. Tliis pi-oportion remained nearly 
constant with advancing age in the male gronp, hut dropped almost to 
zero after the age of 34 years in the female group. As the age increased, 
the proportion of men in unskilled work increased. Before the ag-e of 
35 years, a comparatively large percentage of both the men and women 
Avere still students. Seventy-eight per cent of all the v omen and 
per cent of those over 35 years of age did only their caati housework. 

Table IV 

.Occupational Classification by Aoe and Sex of 
^ pATiKXTS Who Wkhe ^'Orki>.g in 1941 


OCCUPATION 


Professional, clerical 
Skilled, semiskilled 
Tlnskilled 
IIonscAvives 
Students 


PEBCENT-AGE DI STRIBU TION 
male FE AIAT.E 


0—34 


35 — 54 


55 AND 
OVEK 


ALL 

AGES 


IS 

32 

15 


do 


23 

18 

21 ! 

15 

45 

44 

42 i 

12 

31 

38 

29 

1 




— ■ 

51 

0 

0 

8 

21 


0—34 


35—54 


55 AND 
OA'ER 


9 

a 

o 

90 

0 


9 

2 

O 

93 

0 


ALL 

AGES 

(T 

0 

3 

78 

7 


ROy-one pev f rU^unatic, and 10 per cent syphiUt:.^ 

W cUstse.’ The majority ot if al,- 

proximatcly equal piopoiuons m- occu- 

amples. of occupations which ic painter, etc. _ 

Skilled— butcher, electrician, in manufacturing- industries, etc. 

, . Semi-skilled-baker, servants, and maintenance helpers. 

Unskilled— all tsnies of laborers. 
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disease, whereas the majority of the oldest patients suffered from some 
form of degenerative heart disease. From the point of view of occupa- 
tional potentialities, it is important to keep in mind that 74 per cent 
of the patients who were attending adult cardiac clinics were over 35 
years of age (see Table I) and 51 per cent had a degenerative form of 
heart disease. Thus, they constituted a group, which Jiad probably 
worked at a paidieular job for many years before the discovery of 
their heart disease. The learning of new techniques by such persons 
would be difficult. 

Table V 


Kind of Heart Disease and Age and Sex op 2,0S1 Patients Who Attended the 
New York Heart Association Adult Cardiac Clinics in 1941 


KIND OP 1 

HEART DISEASE 

0—34 

35—54 

PERCENTAGE DISTRIBUTION 
55 AND OYER MALE 

FEMALE 

TOTAL 

Rheumatic 

97 

43 

4 1 

27 

51 

39 

Sj^iliilitic 

2 

16 

S 

13 

6 

10 

Degenerative* 

1 

41 

ss 

60 

43 

51 


♦Includes hjTJertensive heart disease, arteriosclerotic heart hisease, and combined 
hypertensive and arteriosclerotic heart disease. 


Table V also shows that hjqiertensive and arteriosclerotic heart dis- 
ease was more prevalent among men than among women (60 per cent 
and 43 per cent, respeetivclj")- Conversely, rlieumatic heart disease 
was more frequent among ivomen (51 per eent and 27 per cent, respec- 
tively). Syphilitic heart disease was more frequent among men than 
women. 

Table VI shows tlie proportion of men and women in each etiolog- 
ical group who were working. Among tlie men, 70 per cent with rheu- 
matic, 51 per cent wdth syphilitic, and 26 per cent with degenerative, 
heart disease were working. This variation is undoubtedly related to 
the age differences among the various etiological groups (see Table V) . 
Among the women, the proportion who were working was relatively- 
high for every tjqie of heart disease. This was because of the large 
number of women who were doing housework. 


Table VI 

Etiological Distribution of Patients IViio Were Working 


KIND OF 

PERCENTAGE WORKING 

HEART DISEASE 

JIALE 

FEMALE 

Rheumatic 

70 

90 

Sypiiilitic 

51 

SO 

Degenerative 

26 

75 


Table VII presents the occupational classifications, subdivided ac- 
cording to the cause of the heart disease. Among the men, about the same 
proportion with each type of heart disease were employed in profes- 
sional or clerical work. A lower proportion of rheumatics than of anj^ 
other type were employed in unskilled work, and a considerable pro- 
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portioii of rlieumaties were students. These differences are related to 
age heca-use a higher percentage of older than of younger persons per- 
formed iinsldlled work. A large percentage of the women until every 
type of heart disease were doing their own , housework. The proportion 
of housewives was greater in the .syphilitic group than in the rheumatic 
group, and .still greater in the degenerative group. These variations 
are also undoubtedly related to the age of the patients. 

Table VII 

OcaTPAHOXAT. Cj.assificatiox akd Kind of Heart Disease of IjO.’iS Patients 

IViio Were 'Wokking in 3941 


PERCENTAGE DISTRIBUTION 
JIALE FEMALE 


OCCUPATION 

RHEU- 

M.\TIC 

SYPH- 

1I.ITIG 

DEGENERA- 

TIVE 

1 RHEU- 
1 MATIO 

SYPH- 

ILITIC 

DEGENERA- 

TIVE 

Profe.ssional, clerical 

21 

22 

IS 

7 

9 

9 

Skilled, fiemiskilled 

."50 

41 

48 

7 

4 

o 

o 

Unskilled 

20 

37 

34 

3 

7 

9 

Students 

23 

0 

0 

11 


0 

Housewives 

_ 

— 


72 

SO 

93 


The fiuietional capacitj’ of the heart was estimated from the patient’s 
appraisal of his ability to perform physical activity. It is divided 
into the following classifications; 

Class I — ^No limitation of physical activity. 

Class II — Slight limitation of iihy.sical activity. 

Class III — ^J\larked limitation of physical activity.*'’ 


Table VIII 

Percentage, by Age and Punctional Classification, op Patients 

Who Were Working 


AIALES 

Age functional classification 



I 

H 

HI 

0-34 

87 

73 

45 

35-54 

65 

56 

21 

55 and over 

41 

29 

15 

All age.s 

70 

47 

IS 


FEMALES 

FUNCTIONAL CLASSIFICATION 
I n HI 


89 

86 

70 

94 

91 

83 

85 

81 

67 

90 

87 

73 


Table VIII shows, in percentages, the age and functional capacity of 
the patients who were working. Among the men, the percentage who 
were worldng decreased as the functional capacity decreased, but, even 
in Class III, in which there was marked limitation of physical activity, 
a considerable number were employed. In every functional class, as 
the age of the male patients increased, the number who were working 
decreased. Among the women, there was a comparatively slight decrease 
in the number who were working, either a.s the limitation of activity 
became more marked or as age increased. Since functional capacity 
denotes the patient’s appraisal of his physical limitations due to his 
cardiac disability, it is apparent that the functional capacity was not 
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always the deciding factor as to whether or not the patients worked. 
Among the men, economic necessity, and, among the women, the size of 
the family and the necessity for running the house are usually the 
deciding factors as to whether or not the patient works. 

Table IX shows the occupational distrilaution of the four functional 
classes. On the whole, as the functional capacity of the patients de- 
clined, the proportion engaged in unskilled labor increased, and the 
proportion of students and those who did professional and clerical 
work decreased. The number employed in skilled and semiskilled work 
was highest in Class II. It may be assumed that skilled and semiskilled 
jobs require more physical labor tlian do professional, clerical, or 
student’s work, and that unskilled jobs require more physical work than 
skilled or semiskilled ones. Thus, in this group, a large proportion of 
patients with the least amount of cardiac reserve apparently did not 
possess the vocational training to permit them to do anything except 
unskilled labor in order to earn their livelihood. Cardiacs in Class III 
were, in the main, older than those in I and II, and it appears that, 
in tliis clinic group, older pei-sons had not had as much opportunity 
as young ones to learn clerical or skilled trades. 

Table IX 

Occup.vTiox AXD Functional CLASSipic.moN or Patients Who Were 

Working in 1941 

percentage distribution 

MALES FEMALES 

OCCUPATION FUNCTION.Mi CLASSIFICATION FUNCTIONAL CLASSIFICATION 

I It HI I II III 


Professional, clerical IS 

17 

9 

10 

5 

2 

Skilled, semiskilled 37 

47 

40 

12 

c 

1 

Unskilled 22 

2S 

51 

3 

3, 

1 

Students 23 

S 

0 

IS 

3 

0 

Housewives — 

— 

— 

57 

S3 

90 


This analysis brings out some of the jiroblems which are met when 
attempts are made to evaluate the occupational potentialities of cardiacs. 
The major problem of the cardiac patient in industry is to obtain a job 
which does not tax his cardiac reserve and will not adversely affect 
the progress of his heart disease. AVhen rheumatic heart disease is dis- 
covered during the early life of a child, it is possible to train him in 
an occupation Avhich will not be too great a tax on his physical limita- 
tions, but Avhen hypertensive or arteriosclerotic heart disease is dis- 
covered after the age of 40 years, it is difficult for the patient to learn 
a new trade which requires less pliysical labor. 

Before jobs can be found for persons with heart disease, occupations, 
must be evaluated according to the amount of physical labor involved. 
A classification of clerical, skilled, semiskilled, and unskilled labor is 
not sufficient. The evaluation of such factors as the number of work- 
ing hours per week, the amount of lifting, climbing, and carrying 
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involved, and the traveling time per day is necessary in order to ascer- 
tain how strenuous an occupation is. The work limitation of. cardiacs 
must, he analyzed in terms of actual occupations. This can he done 
only hy obtaining exact information about the phy.sical labor ]ierformcd 
in a job, placing a cardiac of known functional and therapeutic classi- 
fication in that job, and carefully following the progress of the patient’s 
heart disease. "With these facts in mind it was considered advisable 
to establish a service which would ascertain the effect of specific jobs 
on the phy.sical capacity of cardiac patients. 

EI^IPLOYIMENT OF CARDIAC PATIENTS 

In April, 1941, in conjunction with the Handicapped Division of 
the United States Emplo;sTnent Service and the New York Heart Asso- 
ciation, a ‘AYork Cla.ssification Unit” was organized as part of the 
Adult Cardiac Clinic of Bellevue Hospital.^' The follovdng types of 
patients were refeiTed to the AYork Classification Unit by the Handi- 
capped Division: 

1. Persons registered for placement with the United States Employ- 
ment Service who gave a history of cardiac disability and did not have, 
and were unable to obtain, an adequate cardiac examination. 

2. Persons vdth heart disease who were applying for employment 
and had had a contradictory or inadequate cardiac diagnosis. 

3. Persons who were employed in jobs which, in the opinion of the 
Handicapped Division, were not consistent with their cardiac classifica- 
tion; for example, a Class III patient employed as a day laborer. 

4. In recent months, persons rejected by the Selective Service Board 
for heart disease, who were seeking emplojmient. 

Til patients referred to the Work Classification Unit received the 
routine work-up for new patients. This consists of a complete social 
and medical history, physical examination, electrocardiogram, roent- 
genographic and fluoroscopic examination, serologic test for syphilis, 
and urine analysis. Additional laboratory procedures were done when 
necessary. A reiiort of the cardiac diagnosis and an opinion as to the 
advisability of continuing the present occupation or suggestions as to 
suitable emplojonent were sent to the Handicapped Division. 

Several weeks after the patient received emplojunent, he was visited 
at his place of occupation, and information was obtained concerning 
the type of occupation, the patient’s opinion of the work, the salary, 
the number of worldng hours per week, the traveling time per day, 
the amount of lifting, carrying, and climbing, and the environmental 
sanitation of the plant.! An attempt is made by the Y'ork Classifica- 
tion Unit to examine the patients at intervals of six months, and to evalu- 
ate the progression of their heart disease in relation to their occupation. 

•The authors are indebted to Dr. Clarence de la Chapelle, Professor of Clinical 
Medicine, College of Medicine, New York University, who permitted the establish- 
ment of the Work Classification Unit at the Thursday Night Adult Cardiac Clinic of 
the Third Division of Bellevue Hospital. 

tFor the purposes of this study, environmental sanitation includes lieat, light, ven- 
tilation, dust, fumes, dampness, noise, and cleanliness. 
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jfii tlic period from April, 304J, io Oelober, 3042, llio "Work Oljixsi- 
fication Unit cliagnosod and suggested jolis for 110 palienls. Table X 
gives the age and etiological classification of these patients. 


TABaE X 

Age akd Kind op Heabt Disease op 110 DAnEsrs Wiio Attenkeb the IVimK 
Ceassificatiox Unit peom Ai’nii., 1941, to Octobee, 1942 
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Table XII shows tlie customary occupations of the patients with 
respect to their tlierapeutic classification. The majority did work whicli 
required a comparatively great amount of physical effort. For exam- 
ple, 43 per cent of the patients who were advised not to engage in 
unusually severe or competitive efforts (Class B) were employed as 
manual laborers or waiters and waitresses. Fifty per cent of the 
patients whose ordinary physical actiyity should have been moderately 
restricted (Class C) were doing manual labor. An estimate of how 
much work a patient should do (the therapeutic classification) is of 
little .value unless the patient can be provided with a job that does not 
require more work than is considered ad\asable. 


Table XII 

CusTOiiAny Occupation and Therapeutic Classification of 79 Patients 
Who Attended the Work Glassification Unit 


OCCUPATION 

A* 

therapeutic 

B 

classification 

c D 

TOTAL 

Student 

3 

1 

2 

0 . 

6 

Salesman, clerk 

0 

8 

5 

1 

14 

Slaclnno operator, meclianic 

5 

7 

"0 

1 

13 

Packer, baker, dispatclier 

2 

1 

3 

0 

G 

Painter, carpenter, electrician 

1 

1 

2 

0 

4. ■ 

Taxi-driver 

1 

0 

0 

0 

1 

.Errand boy, usher, messenger 

1 

2 

1. 

0 

■ ■ -4 . 

‘Waiter, waitress 

2 

3 

4 

0 

9 

Unskilled laborer 

4 

12 

6 

0 

22 

Total 

19 

35 

23 

2 

79 , 


♦Includes possible and potential heart disease. 


Industrial follow-up records were ma,de of twenty of the patients 
in the Work Classification Unit. Eighteen had rheumatic heart disease 
and two had hypertensive and arteriosclerotic heart disease. This dis- 
tribution is undoubtedly due to the fact that seventeen of these patients 
were under 35 years of age. The majority were classed as IIB or IIC. 
In the majority of cases the type of occupation of the patient remained 
unchanged after his heart disease was classified. However, mo.st of 
the jobs were of a sedentary nature, and, in the main, it was not 
considered necessary to change them. Seven typists and clerks, five 
ihachinei operators, and two poster designers were advised to continue 
in the same jobs. One house painter was trained to become a machine 
operator. Five men had been doing manual labor. One was trained 
to be a typist, two were transferred to semiskilled jobs (packers), and 
two continued to do manual labor. 

The average number of worldng hours per week was thirty-seven. 
Only three patients worked more than forty hours a week, and two of 
these were classified as having no limitation of physical activity. How- 
ever, one patient, classified as IIB, was working, against advice, sixty 
liours per week at unskilled labor. The majority of the jobs entailed 
a moderate amount of lifting and carrying, but practically no wallving 
or climbing, , ■ 
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The traveling time per day of most of the patients was excessive, 
averaging one and one-half hours. Only one patient did not remain 
in good health, and was forced later to quit his job because of his 
heart condition. All of the patients, with the exception of the one who 
was forced to quit work, considered that their occupation entailed only 
a light or medium amount of physical effort. 

. These patients have now been followed for periods ranging from three 
months to one year. All except one are working less than forty hours 
per week; this is their only restriction. They appear content witli 
their work, and do not feel that they are taxing their functional capacity. 
From this limited sun^ey it seems that cardiacs with a - functional 
capacity of I or II and a therapeutic classification of A, B, or C can 
continue in a sedentary occupation without endangering themselves. 

This project is only the first step towards a solution of the problem 
of cardiac patients in industry. The program must be expanded and 
carried on for several years before adequate criteria for the occupational 
limitations of persons with heart disease can be evolved. For this 
purpose, similar Work Classification Units should be established in other 
cardiac clinics. 

Provisions must be made also to train persons with heart disease in 
occupations which will not tax their cardiac reserve. In the case of 
young people with rheumatic heart disease, vocational training can be 
offered by the public schools and convalescent homes. Special vocational 
schools for the older cardiac who has been working at an undesirable 
occupation should be established. In many cases, re-education of the 
employable person is impossible, and a compromise must be made by 
supplying him with a less strenuous job of the same type, or vith one 
which has shorter Avorking horn’s or requires less traveling time. It is 
important that cardiacs reside near their place of occupation, and thus 
conserve their energy for the job itself. 

SUMMARY AND CONCLUSIONS 

1. The charts of 2,081 patients Avho attended the New York Heart 
Association Adult Cardiac Clinics in 1941 Avere analyzed AAoth respect 
to age, sex, Hype of heart disease, functional capacity, and occupation. 

2. Eighty-four per cent of the females and 47 per cent of the males 
Avere Avorldng. The occupation of 78 per cent of the Avomen consisted 
of houscAvork. Forty-tAvo per cent of the men Avere engaged in skilled 
or semisldlled Avork, and 29 per cent, in unskilled Avork. The proportion 
of men engaged in unskilled AAmrk increased Ainth advancing age. 

3. Fifty-one per cent of the patients had arteriosclerotic or hyper- 
tensive lieart disease, 39 i)er cent had rlieumatie, and 10 per cent had 
syphilitic, heart disease. Among the men, 70 per cent Avith rheumatic, 
51 per cent Avitli syphilitic, and 26 per cent fidtli degenerative, heart 
disease Avere Avorking. A higher proportion of men AAdth degenerath’e 
and syphilitic heart disease than men Avith rheumatic heart disease Avere 
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fmietioiial capacity (ilie patient’s appraisal of his ability 
0 Peifoini physical activity) decreased, the number of patients who 
worked decreased. Among those ivho were working, the irorse the 
iinetional capacity, the higher was the proportion engaged in unskilled 


^ t). A Work Classification Unit was established at the Adult Cardiac 
Cluiie of Bellenie Hospital for the purpase of classifying employable 
cardiacs^ who were referred by the Handicapped Division of the United 
States Hiiiploymeiit Service and recommending jobs for them. 

6. In the ]ieriod from Aiiril, 1941, to October, 1942, 110 patients 
were diagiiased, classified, and recommended for jobs. Detailed analyses 
of the etiological, functional, and therapeutic classifications and oeeupa- 
tions of these patients arc presented. 

7. Twenty patients from the Work Classification Unit were followed 
at their jobs. Observations wore made as to the type of occupations, 
the number of working hours per week, the amount of traveling time 
per . day, and the amoimt of lifting, carrjdng, climbing, and walking 
which was necessary in the various jobs. In this limited survey, it was 
found that patients with functional capacities of I or II and therapeutic 
cla.ssifieations of A, B, or C can continue in occupations which require 
moderate physical activity and somewhat shorter than average worldng 
hours per week, 
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THE PROBLEM OP RHEUMATIC FEVER IN THE NAVY 
. CoMDR. A. M. Master, M.C., U.S.N.R.’^ 


R ecently a report^ was made on tlie results of a “cardiovascular” 
survey of war casualties at the west coast United States Naval Hos- 
pitals at Oakland, Treasure Island, Mare Island, and San Diego, in 
December, 1942. This article is an amplification of that preliminary re- 
port. The eases of rheumatic fever studied at these hospitals were re- 
viewed with regard to (1) the degree of disability produced by rheu- 
matic fever in the Navy, (2) the frequency of rheumatic fever in the 
tropics, (3) the incidence of pre-existing rheumatic infections in child- 
hood, and (4) recommendations concerning the acceptability for naval 
service of men who have had rheumatic fever. 


In aU, eighty eases of rlieumatic fever Avere reviewed. About half 
of the patients Avere actually seen b}’’ the Avriter; the other half Avere 
studied by means of the hospital records and discussion Avith the chiefs 
of medicine and Avard medical officers. The diagnoses Avere definite, 
and, in all the patients investigated, an acute, migrating polyarthritis 
Avas present, Avith fever, leucoeytosis, increased sedimentation rate, and, 
usually, electrocardiographic changes. The average age Avas 21 years, 
and the range Avas from 17 to 25 years, except for three patients Avho 
Avere 30, 31, and 43 years of age, respectively. 

The boys came from Avest coast training camps, from the South 
Pacific, from ships on AAdiieh they had stood Avatch, from ships that Avere 
sunk near the Solomon Islands, etc. Some of tlie patients had suffered 
from prolonged immersion; others had experienced scA^ere ordeals on 
Guadalcanal. The rain and dampness, Avith no adequate protection 
from the elements, the fatigue, both physical and mental, that resulted 
from the grind at a boot camp or in the actual combat areas; the herd- 
ing together of large groups of men, usually Avith rapid turnover — all 
of this laid the the groundAvork for a specific streptococcic infection of 
the upper respiratoiy tract. We thus have the classical background for 
attacks of rheumatic fever as portrayed by Coombs," SAvift,^’ * Paul,® 
Coburn,® and Jones and Mote.'^ The attacks of rheumatic fever took 
place in both Avinter and spring, and so, all in all, they Avere of the 
textbook variety. 


assertions contained herein are the private ones of the writer and 
tiiQ at”" S® construed as offleial or reflecting- the views of tlie Navy Department or 
me JNaval Service at large. 

joint session of the Section of Medicine. New York Academy of 
i aicine, and the New York Heart Association, New York, Jan. 21, 1943. 

Received for publication May 5, 1943. 

*U. S. Naval Medical School, National Naval Medical Center, Bethesda, Maryland. 
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’ To the Na\Tj liieiniiatic lever is a serious problenu and is being com- 
batted energetically. The disease usually occurs sporadically, but out- 
breaks of epidemic proportions have taken place in the training stations 
at Newport and Great Lakes.® Thej’- have also been described in train- 
ing centers in England.® 

It is the general conception that rheumatic fever docs not occur in 
the tTopics. but the writer has always been of the opinion that it was 
there, and that either the disease was not diagnosed, or perhaps appeared 
ill a different form from that which we are accustomed to seeing in this 
country. At the United States Naval Hospital at Oakland, California, 
there were nine cases of rlicumatic fever which dcvelojicd among our 
sailoi’s and marines in tlie South Pacific. In the literature there is evi- 
dence that rheumatic infection is pre.scnt in the tropics. Stott, in a 
survey of post-mortem examinations in India, found that rheumatic 
heart disease was as frequent there as in London, and he concluded that 
the supposedly low incidence of rlicumatic fever in India meant simjily 
that the disease went unrecognized. Fernando” concluded that rheu- 
matic mfeetion was an important cause of heart disease in Ceylon, and 
accounted for one-fourth to one-fifth of the cardiovascular disease. Tlie 
post-mortem incidence of rheumatic carditis a])pcared to bo tlie same 
in the Colombo General Hospital as in Guy's and St. IMary's Hospitals, 
London. Chavez,^® in a recent review of 2,400 cases of organic heart 
disease in Mexico, states: ‘'The fact is emphasized that in Mexico, with 
its diversified, but predominently semitropical, climate, rheumatic heart 
disease is as prevalent as it is in England and the northern part of the 
United States. Attention is also called to the enormous incidence (61.9 
per cent) of rheumatic heart disease in the poor and the Indian popu- 
lation (either pure or with a little admixture). This figure is probably 
not exceeded in any other country.” The existence, therefore, of rheu- 
matic heart disease presupposes the occurrence of rheumatic infection, 
and so the conclusion is justified that rheumatic fever occui's in the 
tropics. 

The third point to be emphasized is the fact that 54 per cent of these 
patients who were seen on the west coast gave a history of one or more 
attacks of rheumatic fever in childliood. It would seem that the inci- 
dence may be higher if we consider the fact that so often there is no 
time for an adequate histoiy wdien there is a large influx of casualties, 
and that often, under “past history,” a statement is merely made that 
it is “negative” or “not relevant.” In other words, the men with 
rheumatic fever have probably had this disease in childhood. The low- 
ered resistance that comes with severe ply^sical exertion and exposure, 
and is associated particularly with herding and rapid turnover of men, 
laid the gi’oundwork for a severe upper respirator}* infection by a 
hemolytic streptococcus, which was f ollow'ed finally by rheumatic fever. 
This is simply a repetition of the view already held by many^ that 
rheumatic fever is a continuous, chronic disease, with recrudescences. 
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Dr. T. Duckett Jones/^’ of Boston, in a stuclj' for the Navj' of the cases 
of rheumatic fever which occurred in the Newport Training Station 
during the winter and spring of 1940-1941, found tliat 31 per cent, or 
nearly a third of the patients, gave a liistory of a previous attack of 
rheumatic fever in childhood. 

Further evidence that the 54 per cent incidence of a history of a 
childhood attack of acute rheumatic fever in our eighty patients on 
the west coast is probably not too high is found in previous reports 
on rheumatic infection. A large majority of rheumatic fever attacks 
occur early in childhood, and this is ‘indirect evidence that attacks. of 
this disease which are observed in adult life are but a repetition of 
earlier disease or a lighting up of a chi-onie, dormant process. Thus, 
Coombs- found tliat “in about tliree-ijuarters of over 600 cases the 
onset took place during or prior to llie fifleenth year of life, that is to 
say, during childliood; two-thirds of the Avhole number actuallj'- falling 
between the ages of 5 and 15.” He pointed out that, among the older 
patients with eslabli,$hcd cardiac lesioirs, lliei’c was no history of any 
rheumatic infection, which shows lliai lliis may escape attention or 
be forgotten by tlie time adult life has been reached. Tledley^^ found 
that the first attack of rheumatic fever in at least 70 per cent of the 
cases occurred between the ages of 5 and 9 years. Cohn and Lingg 
have just made a statistical study of “Tlic Natural History of Rheumatic 
Cardiac Disease,” in which they stale that “rheumatic fever may begin 
at any age, but it begins more often at about 8 years than at any other 
age. At 15, 70 per cent of persons aftlicled have already acquired the 
disease.” These inve.stigators found that, of 1,050 patients whose valvu- 
lar lesions were first noted some time after the age of 35 years, one- 
third gave a history of rheumatic infection in childhood or adolescence, 
but signs of cardiac disease did not appear until after the age of 35 
years. Hence, two-thirds had no recollection of a rheumatic infection 
in previous years. Thus, the dormant, chronic nature of the lesion' is 
illustrated, and indirect evidence is at hand that an attack of rheumatic 
fever in adult life presupposes a previous one in childhood. 

To add significance to our 54 ])er cent incidence of a pa-st history of 
one or more attacks of rheumatic fever in early childhood is the fact 
that, in a control series of 423 ca.scs, there were only eight patients 
who had suffered from rheumatic fever in childhood, representing a 2 
per cent incidence in the controls. These control cases were obtained 
in the same hospitals in which the rheumatic fever patients Avere or 
had been. They were of similai’ age groups, and consisted generally of 
the surgical patients Avith gunshot Avounds, burns, amputations, appen- 
dectomies, herniotomies, etc. The histories of these controls Avere ob- 
tained by myself and other physicians Avho spoke individually to the 
marines and sailors; Ave explained our jiurpose and obtained complete 
cooperation from these men, Avho constituted an unusuallj' intelligent 
group. 



637 


MASTER: PROBLEM OF, RHEUMATIC FEVER IN XAYY 

Finall.y, it slioiilcl be, remembered that patients often do not recall 
Having had acute articular rheumatism; even the parents frequently do 
not.'^ jMany an instance is seen of a patient with a negative past his- 
tory, but with a large heart and significant murmurs, indicating previous 
heart disease. 

From what has been said, it seems apparent that the majority of 
adults who are suffering from acute rheumatic fever have ali’eady had 
this disease in early childhood. The following case reports, which are 
typical of sailor and marine casualties of this war caused by rheumatic 
fever, were observed in the west coast hospitals, and illustrate the fre- 
quenc.v with which a positive past history of this disease is obtained. 
Furthermore, it is evident that the crowding or herding at training- 
stations and elsewhere, ])lus the arduous duties of general service in the 
NaA^', Anth its loAvering of resistance, and an upper respiratory strep- 
tococcus infection cause another attack of rheumatic fcA^er. 

Case 1. — C. E. S., IS years of age, enli.sted Sept. 22, 1942, as a 
prhmte in the United States i\Iarinc Corps. At the age of 14 years he 
had had scarlet fever, folloAved by acute polyarthritis. In September, 
194i, he had had sAvollen, tender joints, and a diagnosis of ‘'rheumatic 
feA’cr'- AA'as made. In October, 1942, after sixteen days of training at 
the boot cam]), he developed acute polyarthritis and aatis admitted to 
the San Diego Naval Hospital AAutli a diagnosis of rheumatic fever. 

Case 2. — E. 11. J., 19 years old, enlisted Dec. 27, 1940, as a seaman, 
second class. He Avas sent to the United States Naval Training Station 
at Great Lakes, Illinois, Avhere he developed tonsillitis, folloAved by acute 
rheumatic fever. The folloAving year, that is, in November, 1941, after 
standing AA’atch at sea in the rain, Ins left ankle became SAVollen. The 
tenderness and SAvelling spread from joint to joint, and he Avas admitted 
to the United States NaA'al Hospital at Mare Island in Januaiy, 1942, 
Avitli a diagnosis of acute rheumatic fcA'cr. 

Case 3. — J. E. L., 20 years of age, enlisted Jan. 20, 1942, as a sea- 
man,, second class. At the age of 6 years he had had “rheumatism,” 
Avitli joint pains, and Avas in bed thirty days. In 1935, he AA'as in the 
County Hospital at Houston, Texas, for epistaxis and joint pains, and 
a diagnosis of rheumatic fcA'cr Avas made at that time. In October, 1942, 
AA bile he AA'as stationed at the United Slates NaA-al Air Station at San 
Diego, he developed a cold AAhich AA-as folloAved by ejiistaxis and joint 
pains. He Avas admitted to the San Diego Naval Hospital, Nov. 4, 1942, 
and acute rheumatic fcA'er Avas diagnosed. Mitral stenosis and aortic 
insufficiency AA^ere found. 

Case 4.— C. AV. L., 19 years of age, enlisted July 1, 1941, as an ap- 
prentice seaman, and, Avhile stationed at the Alameda Air Station, de- 
A’eloiied pain in the joints of his feet. He AA'as admitted to the United 
States NaA'al Hospital at Mare Island, Jan. 5, 1942, AAhere he AA'as 
found to liaA'e acute rheumatic fever, Avith a definite mitral lesion and 
roentgenologic CA'idcnce of enlargement of the heart. The history re- 
. vealed that he had probably had attacks of acute rheumatic fever fiA'e 
and ten years before.. 
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■ Case 5. — H. H., 23 years of age, enlisted Sept. 30, 1940, as a signal- 
man, third class. (In 1936 he had had rheumatic fever.) He developed 
pain in one knee after five months spent on a strenuous Iceland patrol 
on the U.S.S. Atlanta. He had been through fog, cold, and rain. Al- 
though he suffered from pains in many joints, he did not report to the 
sick bay because he believed “they needed him.” Although his ship 
passed through the Panama Canal to the Avest coast, he did not improve. 
He was admitted to the Oakland Naval Hospital in August, 1942, and 
was found to have acute rheumatic fever. 

Case 6. — R. M. Z., 18 years of age, enlisted Dec. 27, 1940, as a sea- 
man, second class. At the age of 15 years he consulted a physician for 
pains in the muscles and joints of both legs, and was told that he had 
a “leakage of the heart.” At the United States Naval Training Sta- 
tion at Great Lakes, in February, 1941, he had acute tonsillitis and 
pains in his extremities. Finally, in November, 1941, after standing 
Avateh at sea for tAvelve hours in rainy Aveather, he developed a tender, 
red, swollen ankle, and the process spread from joint to joint. In Jan- 
uary, 1942, he Avas admitted to the Mare Island Naval Hospital, Avhere 
he was found to have acute rheumatic fever. 

In many eases of seamen and marines Avho Avere suffering from acute 
rheumatic fever but gave no history of previous attacks, the physical 
signs made it probable that rheumatic vahudar heart disease had been 
present before. 

Case 7. — J. W. C. C., 21 years of age, enlisted Oct., 14, 1941. In 
April, 1942, he was admitted to the Mare Island Naval Hospital suffer- 
ing from acute rheumatic fever, with painful, su'ollen ankles, Imees, 
wrists, and elboAvs, accompanied by fever. HoAvever, his heart Avas 
found to be “distinctly enlarged” roentgenologically, and the electro- 
cardiogram revealed a prolonged P-R interval, marked left axis, devia- 
tion, high voltage of the QRS, and T-Avave inversions. The left axis 
deviation and high voltage of the QRS Avere evidences that the cardiac 
enlargement must have been developing over a period of years. 

Case 8. — R. E. C., at the age of 21 years, enlisted as a ship's cook, 
third class, Aug. 20, 1941. In the latter part of August, 1942, Avhile on 
ti'ansport duty, during an engagement in the Solomon Island area, 
for three nights and days he Avorked hard and continuously in an at- 
mosphere of excessive heat. He became short of breath and noticed 
that his anldes Avere SAVollen and tender. He reported at the sick bay, 
and Avas transferred to the U.S.S. Solace, and finally to the Oakland 
Naval Hospital. Here, a diagnosis of acute rheumatic fever Avas made; 
the electrocardiogram revealed lengthening of the P-R interval. Hoaa'^- 
ever, in spite of a negative past history with respect to rheumatic fever, 
a diagnosis was made of long-standing rheumatic heart disease, Avith 
mitral valve involvement. Even Avhen he Avas first transferred to the 
Solace, his heart had been found to be enlarged, and there Avas a loud, 
prolonged, harsh, systolic murmur at the mitral region. At that time, 
subsequently, he had persistent hypertension, Avith readings 

of 158/100, 160/96, and 158/112. ■ 

• years of age,' enlisted April 30, 1936, as a private 

in tlie Marine Corps. While stationed at Camp Elliott, California, he 
ueveioped acute rheumatic fever and Avas transferred to the San Diego 

ava ospital. Although there Avas no jprevious history of rheumatic 
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fever, the patient had been told in 1936 tliat he had a ‘‘miirniur '’ of the 
heart.. , . , . ' 

:.To acid further confirmation to the conception that an attack of acute 
rheumatic fever in young adults may not he the first, it may be men- 
tioned that ten patients were seen in the west coast Naval Hospitals 
with definite, chronic, cardiac valvular disease whose murmurs had 
Ijceii missed on enlistment. Five of these gave an authentic history of 
rheumatic fever in childhood, and the other five inust have had a rheiu 
malic infection which was unnoticed or forgotten. This is reasoning 
again that all adult patients with rheumatic fever have had the disease 
in early life. 

It appears, then, that the congestion among recruits at training sta- 
tions and elsewhere, particularly where there is a rapid turnover of men, 
the stress and strain, physical and mental, which are undergone in war- 
time in the training camps of our country, as well as in combat areas, 
cause a recradescenee or exacerbation of the latent rheumatic disease. 
This leads to the final point of this paper, that once a boy or man has 
had rheumatic fever he should not be accepted for general service in the 
Navy; AYhether or not this can be applied to the selection of recruits 
remains to be seen. The number of applicants for enlistment who must 
be examined every day is so large that there is no time for talcing detailed 
case histories in the recruiting stations. Furthermore, it is probable 
that , the average young man who volunteers would not admit having 
had rheumatic fever if such a history were known to be disqualifying. 
Such histories might be obtained during the examination in the training 
stations after enlistment, but before the recruit entered general service. 
Captain Howard H. Montgomery, M.C., United States Navy, has sug- 
gested to me that it might be feasible, however, to consider an authentic 
past history of rheumatic fever as disqualif 5 dng a man for induction 
under Selective Service. 

CONCLUSIONS 

1. Eheumatic fever is a personal and epidemiologic problem in the 
Na^T, and causes disability. 

2. Evidence is produced that rheumatic fever occurs in the tropics. 

3. A histbry of childhood infection was obtained in 54 per cent of 
eighty eases of acute rheumatic fever. Other data are cited to show 
that rheumatic fever in adult life probably represents a recrudescence 
of childhood disease. 

4. j\Ien who have had rheumatic fever, with or wuthout residual heart 
murmurs, are subject to recurrence of active infection. It is recom- 
mended that candidates w’ith a definite hi.stoi‘y of rheumatic fever be 
rejected for general military service. 

I wish to thank Captain Howard Montgomery, M.C., U.S.N., and R. A. Luther 
Sheldon, Jr., M.C., IJ.S.N., for their criticisms and suggestions. 
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THE EFFECT OF INTHAYENOUSLY ADMINISTERED DICOXIN 
, AND OUABAIN ON THE SYSTEMIC YENOUS PRESSURE OF 
PATIENTS WITH CONGESTIYE HEART FAILURE 

Ludwig W. Eichna, i\I.D., and Harry Taube, M.D. 

New York, N. Y. 

I T IS well .known that congestive heart failure, particularly of the 
right-sided Unpe, is accompanied by an elevated s.ysteinie venous pi’es- 
sure, and that this pressure returns to normal when circulatory com- 
pensation is regained. Both the reeoveiy of circulatory compensation 
and . the fall of the elevated venous pressure are believed to be rather 
slow processes. This appears to he true for the therapeutic measures 
usually employed today. 

Ydiile studying the circulatoiy effects of purified cardiac glycosides, a 
very rapid fall of the elevated venous pressure was encountered when 
these drugs were administered intravenously to patients with congestive 
heart failure. The rapidity of this effect is in itself of interest, but 
more important are its implications, both from a therapeutic standpoint 
and from the theoretical viewpoint of the mode of action of digitalis 
and its purified components, 

JIETHODS 

The subjects of this study were hospitalized patients with organic 
heart disease of wddely vaiying kinds and with various structural de- 
fects. All had congestive heart failure. The degree and the manifesta- 
tions of this failure varied from subject to subject, but in all it was of 
sufficient severity to require complete bed rest. The patients received 
a “Avard” diet, Avith salt limited to 3 to 5 Um. per day. Neither fluid 
intake nor uiine output Avas measured. In the absence of these measure- 
ments, the daily Aveight, ascertained at the same hour each day, AAms 
taken as a guide to fluid balance. 

Yenous pressure aa’us measured in the antecubital A’eins by the direct 
method (Moritz and von Tabora), using a manometer fiUed with physi- 
, blogic salt solution. Both the A'ein and _the manometer Avere alAA'ays 
leA^eled off at the same point, i.e., 5.5 cm. to 6 cm. posterior to the angle 
of Louis. The positions of the A^eiii and manometer AA^ere repeatedly 
cheeked to insure against anj^ change in their relationship to the trunk. 

Systemic venous pressure is indicated bj^ the pressure in the ante- 
cubital A^eins only AAdien the latter pressure is not artificiaUy eleAmted 
by such factors as physical discomfort, fear, dyspnea, coughing, and 
tenseness.^ These symptoms are usually present during eongestwe heart 
failure, and disappear Avhen circulatory compensation is regained. Thus, 
recovery from congestive heart failure can be accompanied by a loAver- 

From the Departments of Therapeutics and Medicine, New York University College 
of Medicine, and the Third (New York University) Medical Division, Bellevue Hospital. 

Supported in part. , by . grants from Burroughs AVellcome and Company (U.S.A.) 
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ing of the anteeubital venous pressure merely as a result of the removal 
of those subjective factors which elevate venous pressure regardless of 
the state of the circulation. The considerable magnitude of the changes 
induced by these factors is often not appreciated, particularly in quick 
and hurried observations. 

During the venous pressure measurements in this study, care was 
tal^en to make the patients comfortable, and distressing symptoms were 
eliminated as much as possible. To accomplish this, codeine or small 
doses of morphine were occasionally required. 

The ventricular rate was counted, always for one full minute, by 
auscultation over the precordium. Arterial blood pressure was meas- 
ured by the usual auscultatory method, employing a mercury manometer. 
Electrocardiograms were obtained by the standard limb leads. To as- 
certain the rate of the flow of urine, a catheter was placed in the urinary 
bladder and allowed to drain continuously. At ten-minute intervals 
the amount of urine collected was measured, removed, and I’eeorded. 

The above measurements were made frequently, and often simul- 
taneously, throughout an adequate control period and for two to four 
hours after the injection of the glycoside. Thereafter, they were made 
daily or less frequently, as indicated by the progress of the patient. 

In this study two of the most rapidly acting glycosides were used, 
namely, ouabain and digoxin.^" They were always given intravenously 
in single doses. Whenever possible, the glycosides were given after the 
maximum degree of improvement had been attained by bed rest, seda- 
tives, and oxygen therapy. 

In some eases, the single dose of glycosides restored circulatory com- 
pensation. If compensation persisted after the patient became ambu- 
latory, he was discharged on maintenance doses of whole-leaf digitalis. 
More often the therapeutic effect of a single dose was temporary or 
partial, and congestive heart failure of a more mild degree recurred. 
The same glycoside was then repeated in the same dosage. If its effects 
again proved temporary and the patient lapsed into a comparable state 
of circulatory failure, either of two courses was followed: (1) the same 
glycoside was repeated in a different dosage, or (2) a different glycoside 
was given in a dosage which was the gram-molecular equivalent of the 
first glycoside. The first of these procedures permitted a comparison 
of the effects of varying amounts of the same glycoside, and the second, 
a comparison of the effects of two glycosides, molecule for molecule. 

RESULTS 

Fourteen patients received, intravenously, twenty-one injections of 
digoxin, ranging from 0.5 mg. to 2.5 mg. per dose. Six of these patients 
had regular sinus rhythm, seven had auricular fibrillation, and one had 
auricular flutter. Three patients, all with auricular fibrillation, re- 
ceived, intravenously, five injections of ouabain in amounts ranging 
from 0.375 mg. to 0.75 mg. per dose. The larger doses of each glycoside 
produced toxic manifestations, chiefly in the form of irregularities of 
the heartbeat, and infrequently as gastrointestinal symptoms. The 
smaller and intermediate doses caused no toxic effects, yet often induced 
equally effective therapeutic results. 

‘The drug’s used in this study ’were kindly supplied by Burroughs ’Wellcome and 
yompany (U.S.A.), Inc. (digoxin), and Carroll Dunham Smith Pharmacal Comnany 
(ouabain). 
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Digoxin.—A very prompt fall of tlie elevated venous iiressure fol- 
lowed eleven of the thirteen intravenously administered doses of digoxin 
(Table I). Of the two remaining eases, tiie venous pressure remained 
unaltered in one, but, in the other, fell to normal on the next day. 



Pig. 1. — ^Effects produced by tne intravenous injection of 1.75 nig. of digoxin. Severe 
congestive heart failure; arteriosclerotic heart disease, with auricular fibrillation. 

The response was of the ver>' rapid and verj” favorable type. 

AlTof the charts are similarly plotted: The two long vertical lines enclose the 
obsei'vations made on tlie day the drug was given. Observations on other days are 
beyond these lines. The heavy, vertical, double arrow on the left indicates adminis- 
tration of the glycoside; the double arrow on the right, atropine sulfate. 2 mg. intra- 
venously. 

Tlie raiiidity of the fall in venous pressure was striking. Five to 
twenty-two minutes after injection of the digoxin the venous pressure 
liegan to fall, continued to decrease progressively, and leveled off fort}- 
seven minutes to three hours after injection. Seven times the venous 
pressure fell to a normal value. Tlie other four times the fall was less 
marked, and the venous pressure leveled off at values which were defi- 
nitely below the initial reading, but still higher than normal. On two 
of those four occasions the venous pressure fell to normal the next day; 
^ in the other two it remained at its lower, though still abnormal, value. 
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The most favorable responses were not only strikingly rapid, but per- 
sistent. In a typical instance (Pig. 1), the venous pressure fell from 
195 mm. to 95 mm. of saline within two hours. Thereafter it remained 
at a normal level as the patient recovered compensation without further 
treatment. The fall in venous pressure was accompanied by an equally 
rapid slowing of the ventricular rate (from 117 to 84 per minute in 
one hour), and by a marked diuresis (6 e.c. to 8 e.c. per minute) which 
began two and one-third hours after the injection of the glycoside. 

More often the responses, although of a similar pattern, were less 
rapid, less extensive, and less persistent in their quantitative effects 
(Pig. 2). The venous pressures fell promptly, but normal levels Avere 
not attained until the next day. Seemingly complete circulatory com- 
pensation then returned. In the course of the next five to fourteen 
days congestive heart failure reappeared, and the venous pressures 
again became elevated. 

Ouabain . — Ouabain was administered intravenously five times. On 
each occasion there followed a very rapid and marked fall of the ele- 
vated venous pressure (Table II). This fall began three to eleven min- 
utes after injection, and continued sAviftly. Thirty-five to fifty-six min- 
utes after injection the venous pressure had usually leveled off at a lowei’ 
value. Twice this new level was normal. In the other three instances 
it was still higher than normal, but lower than the initial level. The 
rapidity of this response is indicated in a typical example (Pig. 3), in 
Avhieh the venous pressure fell from 250 mm. to 160 mm. of saline in 
forty-five minutes. A slowing of the ventricular rate (115 to 82 per 
minute) and an increase in the pulse pressure accompanied the change 
in venous pressure. 

On all five occasions the beneficial effects were retained for only sev- 
eral days, after which the venous pressure rose and evidence of con- 
gestive heart failure reappeared. 

When equal gram-molecular doses of digoxin and ouabain were given 
to the same patient during comparable states of congesthm failure, 
ouabain induced its effects more rapidly than digoxin, but the final ef- 
fects produced by the two drugs Avere of comparable magnitude (com- 
pare Pigs. 2 and 3). 

PATIENTS WITH REGULAR SINUS RHYTHM 

Digoxin . — A prompt fall of the elevated venous pressure folloAved 
six of the seven intravenous injections of digoxin which Avere admin- 
istered to six patients (Table III). In both rapidity and magnitude, 
the fall in venous pressure was comparable to that Avhich occurred in 
cases of auricular fibrillation. The venous jiressure began to fall four 
to nine minutes after injection, and leveled off' at a loAver value thirty- 
five minutes to tAvo and one-half hours after injection. Twice the 
A’-enous pressure fell to normal, and four times beloAv the inifial level. 
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The rei5ponse was of the slower and more usually encountered type. 



Fig. 3. — Effects produced by the intravenous injection of 0.75 mg. of ouabain. 
Modei-ate congestive heart failure; rheumatic heart disease, with auricular fibrillation. 

This patient had previously received 1 mg. of digoxin — see Pig. 2. The degree of 
■ congestive heart failure was now not quite as severe as when the digoxin was given. 
The two glycosides were administered in equal, gram-molecular amounts. Note that 
ouabain induced effects more rapidly. Between the two small vertical double arrows 
at the right the subject received 1.4 Gm. of whole-leaf digitalis by mouth. 
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but still above normal. In only one case did the normal venous pressure 
persist, and this patient recovered complete circulatory compensation. 
In the remaining five eases the venous pressure rose to its former high 
level after several days. 

In a typical, marked response (Fig. 4), the venous pressure fell from 
250 mm. to 120 mm. of saline within one hour. The ventricular rate 
did not change (114 to 120 per minute), but a marked diuresis (7 c.c. to 
9 c.c. per minute) set in forty minutes after injection of the digoxin. 

In cases of regular sinus rhythm, the response to intravenously admin- 
istered digoxin differed from that in eases of auricular fibrillation in 
two respects: (1) the venous pressure fell without an accompanying 
change in ventricular rate, and (2) complete recovery of circulatory 
compensation was less frequent; the usual result was a temporary im- 
provement in eireulatoiy dynamics. 



Rig. 4. — Effects produced by the intravenous injection of 1 mg', of digoxin. Severe 
congestive heart failure; hypertensive heart disease, ■with regular sinus rhythm. 

The strikingly rapid diuresis and fall in venous pressure occurred without change 
m ventricular rate. During the period marked T, there was paroxysmal tachycardia 
of unknown type. 


RELATIONSHIP OP THE PALL IN VENOUS PRESSURE TO OTHER 

OBSERVATIONS 

Ventricular Rale . — In cases of auricular fibrillation, the fall in venous 
pressure usually began and progressed concurrently with a decrease in 
ventricular rate (Figs. 1, 2, and 3). This relationship was not an in- 
variable one. 

At times, the venous pressure continued to fall after the maximum 
reduction in ventricular rate had been attained (Fig. 3). On one oc- 
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easion (Fig. 5), a small dose of digoxm induced a prompt fall in venous 
pressure, during which the ventricular rate remained imehanged. Only 
after the venous pressure had leveled off at its lower value did the ven- 
tricular rate begin to slow. 

When a glycoside had lowered the venous pressure and ventricular 
rate to normal levels, the intravenous injection of 2 mg. of atropine sul- 
fate returned the ventricular , rate completely or partially to its initial, 
rapid rate, but the venous pressure remained unaltered at its lowered 
value (Fig. 6). 



Fig. 5. — ^Effects produced by the intravenous injection of 0.7o mg’, of digoxin. Severe 
congestive heart failure ; arteriosclei’otic heart disease, Tvith auricular flbi-illation. 

At the first double arrow, patient received 0.5 mg. digoxin; at the second double 
arrow, 0.25 mg. The fall in venous pressure preceded cardiac slowing. 

Irregularities of the heartbeat appeared not to alter the pattern of 
the fall in venous pressure. In a case of auricular fibrillation, 0.75 mg. 
of ouabain induced numerous premature ventricular contractions. These 
appeared six minutes after injection, quickly increased in number, and 
twenty minutes after injection were very numerous and were originat- 
ing in varying foci (Fig. 7). Throughout tliis period the venous pres- 
sure fell precipitously and at a constant rate, whereas the ventricu- 
lar rate, which had started to decrease sharply, fell less rapidly and less 
regularly (Fig. 7). Twenty-five minutes after injection, a regular, 
rapid rhjfflim (140 to 160 per minute) appeared. The electrocardiogram 
revealed ectopic tachycardia, with the focus in the bundle of His. In 
spite of this marked change in the mechanism of the heartbeat, the 
A'^enous pressure continued to fall, but less precipitously. Shortly there- 
after it leveled off (Fig. 7). After twenty minutes the tachycardia sud- 
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Fig. 6. — Effects produced by the intravenous injection of 1 mg. of digoxin. Mild 
congestive heart disease; arteriosclerotic heart disease; auricular fibrillation. 

At arrow on left, patient given digoxin; at arrow on right, atropine sulfate, 2 mg. 
intravenously. Atropine sulfate increased the ventricular rate, but the venous pressure 
remained unaltered. 



ouabain produced cardiac irregularities ; at P, premature ventricular 
A + appeared ; at V, they became very numerous and from varying foci. 

pe^roxysmal tachycardia origination in the bundle of His appeared. At A, 
auricular fibrillation with a slow ventricular rate appeared. 
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denly ceased, and, was replaced by auricular fibrillation with a normal 
(90 per minute) ventricular rate. During Ibe next hour, tJie cardiac 
rhythm alternated twice between periods of His bundle tachycardia 
and auricular filirillation with normal ventricular rate. The venous 
pressure, liowever, remained unchanged at its lower level (Fig. 7). 

In cases of regular sinus rhythm, the dissociation between changes in 
venous pressure and ventricular rate was obvious; the venous pressure 
often fell promptl.y, while the ventricular rate remained unchan o-ed 
(Pig. 4). 

Electrocardiogram . — Excluding cardiac slowing, there was no rela- 
tionship between the fall in the elevated venous pressure and the electro- 
cardiogram. 



Fig. S. — Effects produced by tlie intravenous injection of 1.3 c.c. of mercupurin. 
Severe congestive heart failure; hypertensive lieart disease with regular sinus riiythm. 

This patient received 1 ing. of digoxin twenty-four days previously (see Fig. 4), 
improved temporarily, then relapsed into severe decompensation. 

Biuresis . — The rapid diuresis at times induced by the intravenous 
injection of the glycosides (Pigs. 1 and 4) suggested the possibility 
that the venous pressure maj^ have fallen as a result of a reduction in 
blood volume through diuresis. This is not hkel}". The fall in venous 
pressure alivays preceded the onset of diuresis (Figs. 1 and 4). More- 
over, the venous pressure at times fell and no diuresis ensued (Pigs. 2, 
3, 5, and 7). 

The venous pres.siire may fall when diuresis is induced by a diuretic,- 
but in that case the fall in venous pressure does not occur until after 
the diuresis has been initiated (Pig. S). This is seen best wlien a 
glycoside and, after a suitable interval, a mercurial diuretic are given 



654 


AltERlCAN HEAR!' JOURNAL 


to the same patient during comparable states of congestive heart fail- 
ure (comiDare Figs. 4 and S). ^ 

Degree of Congestive Heart Failure and Dosage . — ^Within the lim- 
itations imposed by the small number of injections, the pattern of the 
fall of venous pressure was the same (1) whether the initial level of 
venous pressure was markedly or slightly elevated (compare Figs. 2, 4, 
and 5 with Fig. 6 and Tables I, II, and III), (2) whether the degree of 
congestive heart failure was severe or mild, and (3) whether the dose 
was large or small, provided that it was sufficient to produce a definite 
effect. The magnitude of the final effect appeared to be influenced by 
all three of the above factors. The duration of the effect' produced by 
a single dose of digoxin or ouabain was short, and appeared to depend 
on the degree of cardiac damage and cardiac reserve. If the cardiac 
reserve was adequate, the effect was lasting; otherwise, it was temporary. 
The effects produced by ouabain were usually of even shorter duration 
than those induced by digoxin. 

DISCUSSION 

When administered intravenously in single therapeutic doses, the 
cardiac glycosides, digoxin and ouabain, produce rapid improvement in 
the circulatory dynamics of patients with congestive heart failure. Most 
striking and constant is the rapid and considerable decrease in the ele- 
vated venous pressure. This decrease has several characteristics: It 
occurs without change in ventricular rate when the cardiac mechanism' 
is normal. It is usually, but not necessarily, accompanied by a slow- 
ing of the ventricular rate when auricular fibrillation is present. It 
precedes the onset of diuresis. The pattern of the fall in venous pres- 
sure is not influenced by the initial venous pressure, the degree of the 
congestive heart failure, the ultimate result (recovery of compensation 
or temporary improvement), or the amount given, provided that a 
definite effect is produced. However, the magnitude of the fall and the 
final level of venous pressure may be affected by all of the above fac- 
tors. 

When compared molecule for molecule (equal, gram-molecular doses), 
ouabain decreases the venous pressure more rapidly than digoxin in 
cases of auricular fibrillation. 

Because of the limited number of observations, this study cannot in- 
dicate the optimum intravenous dose of digoxin or ouabain which will 
induce a rapid therapeutic effect with safety. The larger doses used 
in this study did, at times, produce undesirable toxic effects. However, 
the smaller, more moderate doses induced equallj'' striking results with- 
out complication. 

Subjective improvement was noted by most patients soon after the 
injection of these glycosides. The rapid fall in venous pressure can- 
not be attributed simply to the removal of those distressing symptoms of 
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]ieart failure whicli artificially elevate venous pressure. Usualh* the 
fall in venous pressure preceded the onset of subjective improvement. 
In some patients 'the venous pressure fell and remained low for several 
hours before the distressing sjmiptoms were relicA’^ed. The effect of the 
glycosides on the elevated venous pressure appears to result from an 
intrinsic, readjustment of the circulation. 

Keeent investigations indicate that, during congestive heart failure, 
the pressure in the antecubital veins tends to approximate the pressure 
in the right auricle (systemic venous pressure),® The rapid decrease 
in antecubital venous pressui-e which we observed may Avell mirror a. 
similar fall in pressure in the right auricle. 

In the absence of measurements of cardiac output, the mechanism of 
the rapid fall in venous pressure remains unexplained. It is agreed 
that the cardiac output increases as the rapid A'entricular rate of auricu- 
lar fibrillation slows.-* There is, however, considerable disagreement 
concerning the change in cardiac output during restoration of circula- 
tory compensation when the cardiac mechanism is normal.^ It is of 
interest that the elevated venous pressure decreased in a similar man- 
ner, regardless of whether the ventricular rate .slowed, as in the cases 
of auricular fibrillation, or remained unchanged, as in cases of regular 
sinus rhytlun. 

Previous .studies of the mode of action of digitalis in man have 
utilized oral preparations of digitalis.®- Effects were produced rela- 
tively slowly, and observations were made at long intervals of many 
horn's to daj^s. Data thus obtained may not permit clear recognition 
of . primary effects and their differentiation from secondary effects. 
Moreover, when effects are produced .slowly, they may be brought about 
by changes sufficiently small to lie lost m the error of the methods em- 
ployed. 

This .study has indicated a method whereby therapeutic effects are 
quickly achieved. Serial observations are now possible from the initia- 
tion of effects to their full establishment. This permits a more ready 
recognition of primary changes and their differentiation from secondary 
ones. Moreover, since effects are produced quickly, the changes are 
likety to be large and more readily recognized. 

Further and more complete studies of tJie effects of administering 
glycosides intravenously may clarify the problem®'' of the mode of 
action of digitalis. 

SUMMARY 

1. 'When admmistered intravenously in single therapeutic doses 
digoxin and ouabain induced rapid improvement in the circulator: 
dynamics of patients with congestive heart failure. 

2. A rapid fall of the elevated venous pressure was the most strikin« 
and constant effect produced. It had the following characteristics : 

•a. Onset of effect: ouabain, 3 to 11 minutes, digoxin, 5 to 22 minutes 
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1l jMajor effect : ouabain, 35 to 56 minutes, digoxin, 45 minutes to 3 
hours. 

c. It was associated witli, but not dependent on, slowing of the ven- 
tricular rate Avlien the cardiac mechanism was auricular fibrillation. 

d. It was unaccompanied by a change in ventricular rate when the 
cardiac meclianism was normal. 

e. It preceded the onset of diuresis, which at times was rapidly initi- 
ated. 

f. Its pattern did not depend on the initial level of venous pressure or 
the degree of congestive heart failure. 

g. It Ijore no relationshiii to changes in the electrocardiogram. 

h. Its duration was relatively short, except in those patients whose 
cardiac reserve was sufficient to maintain circulatory compensation once 
it was re-established. 

3. Compared molecule for molecule, ouabain induced effects more 
rapidly than digoxin. 

4. Large doses of these two gl^mosides at times induced toxic complica- 
tions. The intermediate doses were free of these effects and therapeu- 
tically just as effective. 

The authors are indebted to Dr. Arthur C. DeGraff for his helpful advice and 
criticism throughout this study. The Misses Helen Pomykala and Bertha Bader as- 
sisted in this work. 

REFERENCES 

1. Lyons, R. H., Kennedy, J. A., and Burwell, C. S. : The Measurement of Venous 

Pressure by the Direct Method, Am. Heart J. 1C: 675 , 1938 . 

2 . Volini, I. P., and Levitt, R. 0.: Studies on Mercurial Diuresis. II. The Im- 

mediate Effect on the Venous Blood Pressure, Am. Heart J. 17: 187, 1939. 

3. Richards, D. W., Jr., Cournand, A., Darling, R. C., Gille.spie, W. H., and 

Baldwin, E. DeE.: Pressure of Blood in the Right Auricle, in Animals and 
in Man: Under Normal Conditions and in Right Heart Failure, Am. J. 
Physiol. 136: 115, 1942. 

4. Altschule, M. D.: The Pathological Physiology of Chronic Cardiac Decom- 

pensation, Medicine 17: 75, 1938. 

5. Stewart, H. J., Deitrick, J. E., Crane, N. P., and Wheeler, C. H.: Action of 

Digitalis in Uncompensated Heart Disease, Arch. Int. Med. 62: 569, 1938. 

6. Stewart, H. J., Crane, N. P., Deitrick, J. E., and Thompson, W. P.: Action 

of Digitalis in Compensated Heart Disease, Arch. Int. Med. 62: 547, 1938. 

7. Dock, W., and Tainter, M. L.: The Circulatory Changes After Pull Therapeu- 

tic Doses of Digitalis With a Critical Discussion of Views on Cardiac Out- 
put, J. Clin. Investigation 8: 467, 1930. 



FURTHBE OBSERVATIONS ON THE lSCHEj\IIA-INJURY PAT- 
TERN PRODUCED IN THE DOG BY TEMPORARY OCCLUSION 
OP A CORONARY ARTER Y. INCO:\IPLETE T DOT^RSION 
PATTERNS, THEOPHYLLINE T REVERSION, AND 
THEOPHYLLINE CONVERSION OP 
THE NEGATIVE T PATTERN 

Robert H. Bayley, M.D.,- John S. La Due, MD.,- AND 

Dorothy Joseph York, B.S.f 
New Orleans, La. 

I N A preliminary communication,^ a method was described for observing: 

the electrocardiographic eYolution of the development and cessation 
of acute local ventricular ischemia and injury. Continuous recordings 
were made before, during, and after a sudden, complete, brief occlusion 
of the anterior descending branch of the dog s left coronary artery. 
Since the indifferent electrode was on the left foreleg and the exploring 
electrode was in contact -with the anterior surface of the pericardial sac 
(close to the heart), the lead Avas I'egarded as essential^ unipolar.- The 
sequence of changes observed was called the positive T pattern or the 
negative T pattern, according to the form of T in the control recorded 
after dissection of the artery and before occlusion. In each pattern 
variety the form of T returned to tlie form of the preocclusion control 
Avithin several minutes or less from tlie time occlusion ended.^ 

In general, the ischemia-injury pattern displays tAvo features of funda- 
mental importance. First, its sequential changes resemble in all essen- 
tial particulars the much more lengthy sequence of temporary changes 
encountered during the course of myocardial infarction, and thereby 
demonstrate that homologous changes associated Avitli izifarction (AA^hich 
are produced by muscle undergoing similar physiologic changes) are 
independent of, and not necessarily diagnostic of, myocardial infarction. 
Second, the, ischemia-in jury pattern shoAvs (contrary to general opinion) 
that the first stage in the electrocardiographic eAmlution of myocardial 
infarction is the appearance of primary T-wave changes ivhidz are 
ascribed to local ventricular ischemia.^’ ' 

INCOAIPLETE T DIAmRSION PATTERNS 

The expression “diversion of T” refers to a change in the form of T 
in a direction aAvay from the normal (or control), AAdiereas “reversion 
of T” refers to a change from the abnormal back toAvard the normal 

Presented at the meetin;? of the Southern Section of the Society for Experimental 
Biology and Medicine, June 25, 1943. 

Received for publication April 6, 1943. 

' *From the Department of. Medicine of tlie School of Medicine of Louisiana State 
University, New Orleans. 
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(or control) form. Hence, the T-wave changes which begin a few sec- 
onds after the onset of occlusion and eontinnb for a fraction of a second 
after cessation of occlusion represent diversion changes. During a 90- 
second period of occlusion, ischemia produces a local negative diversion 
of T and injury subsequently produces a local positive diversion of T.^ 
It is desirable to know how far these diversions progress when occlusion 
is suddenly discontinued during the developmental period. Strips c, d, 
e, /, and g (Fig 1) are from a continuous recording before, during, and 



Piff. 1. — Strips a and h are from control curves, made before and after arterial 
dissection. Strips c, e, f, and g are from a continuous curve made before, during, 
and after a 30-second occlusion. Strips li, i, j, k, I, m, and n are from a continuous 
curve made before, during, and after a 45-second occlusion. See text. 
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after a 30-seeoiid occlusion. Tiie occlusion commenced between strips c 
and d and ended between strips c and /. No definite injury shifts de- 
veloped. The occlusion was promptly repeated and maintained until 
the recorder .judged (by watching the shadow of the galvanometer 
string) that the injury effect had just begun to develop, whereupon 
the occlusion was promptly terminated. Strips It, i, j, k, I, m, and n 
(Pig. 1) show the maximal developments which occurred. Occlusion 
started between strips h and i and ended 45 seconds later, immediately 
after strip k. Evidentially, the ischemia-in juiy pattern may be promptly 
arrested during its development at any arbitrary stage by sudden 
termination of occlusion, after which the pattern promptly reverts to 
its control form. 

THEOPHYLLINE REVERSION OP THE NEGATI\T<: T PATTERN 

Control curves recorded immediatelj^ before and after dissection of 
the coronary artery are shown in Fig. 1, a and h. A negative T pattern 
recorded from the animal before, during, and after a 90-second occlu- 
sion has been described elsewhere.^ As the intravenous administration 
of 0.12 Gm. of theophylline with ethylene diamine Avas completed, the 
continuous recording shown in Fig. 2 was commenced. The T deflec- 
tion is reverted from a negative into a positive deflection within 60 
seconds. The reversion is not complete, however, for the initial T 
segment continues to make a rounded negative dip. The manner of 
the T reversion is sucli that tlie descending limb of the inverted spike, 
together with the base of its ascending limb, moves upwards, producing 
an M deflection in the hemireversion stage. In the final stage of re- 
version, the remainder of the .spike forms a shallow notch in the 
ascending limb of the reverted T. AYe have been able to repeat the 
theophylline T reversion on two subsequent occasions. Evidentially, 
dissection of the artery is occasional!}’- followed by a relatively steady 
arteriolar spasm throughout its terminals, and theophylline with 
ethylene diamine promptly relaxes the spasm and subtotally abolishes 
the associated ischemia. 

THEOPHYLLINE CONVERSION OP THE NEGATIVE T PATTERN 

Immediately after the drug-induced reversion of T (shown in Fig. 
2), a continuous curve was made before, during, and after a 90-second 
occlusion. Strips from the critical stages of the pattern are shovm in 
Fig. 3. Observation of the galvanometer movements during the ex- 
periment clearly indicated that the evolution of the pattern had been 
altered profoundly. The maximal ischemia effect is shown in strip d, 
and the maximal injury effect is .shovm in strip /. The efl’ects produced 
are like in kind, but of diminished magnitude when compared with 
homologous strips recorded from the same preparation under similar 
circumstances before administration of the drug. The 90-second post- 
theophylline occlusion wa.s repeated ten minutes later after a second 
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: similar . dose. The complete pattern (reading from left to right and 
from above doM'invard) is sho^vn in Figs. 4 and 5. Here, the effect 
ascribed to ischemia (strips 2 and 3) is someivliat more pronounced, 
and the effect ascribed to injury (strips 4 through 8) reaches a maxi- 
_,mum (strip 7) comparable to that shomn by the homologous strip of 
the pretheopliylline occlusion. The T deflections in Figs. 4 and 5 are 
- positiye just before occlusion begins, and remain po-sitive after ocelu- 
; sion terminates. Evidentially, isehemia-injury patterns which are 



Fig. 3. — Strips from a' continuous curve made before, during, and after a 90-second 

posttheophyiline occlusion. See text. 
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initiallT of the negative T variety may be converted, by theophylline 
into patterns of the positive T variety. 

THE LOCAL CH.CRACTER- OF THE EFFECTS 

Since onr preliminary comiminicationd we have carried out ten oc- 
clusion experiments on three dogs with the idea of denionstratirig the 
strictly local character of the mnscle changes induced by occlusion. 



In all ten experiments, two essentially unipolar leads were recorded 
simultaneously by a two-string galvanometei of the Eintlio'sen type. 

. In nine of the occlusion experiments, one of the explornig electrodes 
. was placed on the subcutaneous tissues of tlie right hemithorax 
diatelj^ superficial to the apex impulse of the right 's entriele. e 
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other exploring electrode was placed (as usual) in contact with the an- 
terior surface of the pericardial sac superjacent to the free wall of the 
left ventricle. The two indifferent electrodes were contacted with 
the subcutaneous tissue of the left foreleg. - With one exception, tlie 
effects produced by the apex of the right ventricle were of a minor 
kind, and consisted of an upward peaking of the T deflection concur- 
rent with the injury effect from the left ventricle. In the exceptional 
experiment, the curve Avritten by the left ventricle was of the negath’-e T 
variety, Avhereas the simultaneous curve Avritten by the apex of the 
right A'^entricle displajmd definite injury effects. The preparation 
Avhich yielded the exceptional patterns Avas promptly treated Avith an 
intravenous injection of 0.12 Gm. of theophylline. A T reA'^ersion im- 
mediately occurred in the curve recorded from the right A'-entricle, but 
failed to appear in the curve recorded from the left A'-entricle. More- 
over, subsequent occlusion patterns recorded from the left ventricle 
continued to be of the negative T A'ariety. HoAvever, they Avere asso- 
ciated Avith a total absence of all injury effects in curves recorded 
simultaneously from the right ventricle. The remaining occlusion ex- 
periment, conducted AA'ith two simultaneous recordings, Avas carried 
out in the usual way except for the position of the exploring electrode 
superjacent to the apex of the right A’-entricle. The electrode Avas 
moved to a subcutaneous position superjacent to the electrode on the 
pericardial sac. The tAvo occlusion patterns thus obtained closely re- 
sembled one another. As a result of these observations aa'o see no rea- 
son for doubting that the muscle changes responsible for the ischemia- 
injury pattern are strictly local. The characteristics of the pattern 
are due to altered physiologic processes in that region of the myo- 
cardium Avhich is ordinarily irrigated by the occluded artery. 

■ ' COMMENTS 

•it 

If it- is assumed that dissection of a dog’s coronary artery may, in 
some instnnees, induce a relatively steady local ischemia, the occur- 
rence after, dissection of a negative T rather than a positive T is ex- 
plained. The fact that theophylline Avith ethylene diamine usually 
reA’^erts the negatwe T suggests that the assumed local ischemia may 
be the result of ■ a relate ely steady arteriolar spasm throughout the 
terminals of the dissected artery. We have noted that the more diffi- 
cult and traumatizing dissections haA’-e been attended Avith iuA’-ersion 
of the T deflection. During dissection, CA’-ery effort is made to avoid 
arterial compression. After dissection, experimentation has not been 
delayed to ascertain AAdiether spontaneous T reA'ersion ultimately oc- 
eurs. There appear to be no essential differences in the posithm T, 
as compared Avith the negative T, patterns. The latter appears to evolve 
(Avhen occlusion begins) from a steady state of loAv-grade ischemia, 
to Avhich the eA'olution reA'^erts Avhen occlusion ends. 
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The clicTiiges in the ischemia-iiijiiry pattern which are encountered . 
after the administration of theophylline with ethylene diamine indi- 
cate that the drug- is capable of reducing the intensity and (or) extent 
of local ischemia and injniy by enhancing the collateral circulation of 
the involved region. The evidence, such as it is, might be interpreted 
as supporting the opinion of Fowler, Hnrevitz, and SmitlF that theo- 
phylline with ethylene diamine is capable of reducing the extent of 
myocardial infarction. 

A satisfactory theory concerning the evolution of ischemia and in- 
jury and the relationship of these changes to myocardial infarction, 
ill man has been advanced by one of us."* At present we see no reason 
for altering these concepts when applying the theory to the electro- 
cardiographic evolution of myocardial infarction in the dog. On the 
other hand, the results of our present experiments, which deal with 
ischemia and injury, and which are strictly comparable only to the 
initial electrical stages of infarction, lend considerable support to the 
theoretical concepts. 

If the duration of the T diversion pattern of acute local ventricular 
ischemia was always as brief (30 to 40 seconds) as the patterns demon- 
strate, a like occurrence in man would be of academic interest onlj’’. 
Certain clinical observations suggest that such is not the ease.^’ In 
this connection it is to be remembered that the ischemia-injury pat- 
terns which we observed were produced by sudden, complete occlusion. 
Experimental evidence is now in hand which suggests that the de- 
velopment of the ischemia phase (negative T diversion) of the pattern 
can be arrested and maintained at any desired stage for prolonged 
periods by varying the amount and duration of subtotal occlusion. We 
hope to deal more fully with this phase of the problem in a subsequent 
report. 

SUMMARY ' ■ 

1. The ischemia-injury pattern, although produced by sudden, com- 
plete, brief occlusion of a coronary artery, is in no way dependent 
upon the presence of myocardial infarction. However, the pattern 
demonstrates the early electrocardiographic changes which may be 
encountered before and during the early development of myocardial 
infarction. Contrary to general opinion, the first electrocardiographic 
change is a primary T-wave change ascribed to acute local ventricular 
ischemia. 

2. The diversion stages of the pattern may be arbitrarily interrupted 
by terminating the occlusion, Avhereupon reversion of the pattern 
promptly occurs. 

3. The negative T diversion induced by dissection of the coronary 
artery can frequently be reverted by an intravenous administration of 
0.12 Cm. of theophylline Avith ethylene diamine. 
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4. After the theophylline T reversion, the isehemia-injnry pattern, 
which was formerly of the negatiAm T variety, is conA'-erted in all 
essential particulars to a pattern of the i^ositiAm T Amriety. 

5. Evidence is presented Avhich indicates that the ischemia-injury 
pattern oAA'^es its characteristics to acute local changes in that region 
of the ventricular Avail which is subjacent to the exploiing electrode, 
a region ordinarily irrigated by the occluded, artery. 

6. An explanation is offered for the occurrence of tAvo typical pat- 
terns rather than one. 

7. Certain electrocardiographic changes are observed after the ad- 
ministration of theophylline with ethylene diamine, and are ascribed 
to a decrease in the intensity and (or) extent of local ischemia and 
injury, a decrease produced by improvement of the collateral circulation. 

8. The clinical significance of the ischemia-injury pattern and of its 
behavior under Amried circumstances is briefly discussed. 

Thanks are expressed to Dr. S. A. Eomano, of the Department of Surgery, for 
considerable help and advice in the surgical aspects of the work. Thanks are also 
expressed to J. C. Williamson and to Mrs. M. E. Bayley, E.N., for technical assistance. 
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PERSISTENT DISPLACEMENT OP THE RS-T SEGMENT IN A 
CASE OP METASTATIC TUMOR OP THE HEART 

Francis P. RosenbxVTOI, ]\I.D., Franklin D. Johnston, M.D., and 

Victor V. Alzai^iora, ]\I.D. 

Ann Arbor, Mich. 

T IBIORS of file lieart and pericardium liave aroused considerable in-' 
terest, if one may judge from the large number of cases that have 
been reported. In several; instances the correct diagnosis has been made 
ante mortem.^'“ There are also several extensive reviews of the liter- 
ature®'® which present data on many examples of botli primary and sec- 
ondary cardiac neoplasm.' It is our present purpose to describe a pa- 
tient with carcinoma of the esophagus which involved the heart and 
produced veiy unusual electrocardiographic abnormalities. The fre- 
quency of .cardiac invasion in various neoiilastie diseases is reported to 
range from 2.0 per cent® to 10.9 jier cent.^® Three different mechanisms 
leading to involvement of^he heart are mentioned: (a) embolic metas- 
tases via the coronary arteries, (b) invasion through the l^yunphatic elian- 
nels, and (c) direct extension from either a primaiy or secondary tumor 
in the lung or mediastinum. Metastases to the heart or pericardium 
have been observed in association with malignant tumors arising in 
many different organs, and carcinoma of the esophagus frequently in- 
volves these structures. : 


CASE REPORT 


History. — J. K., Reg. No. 496456, a 53-year-old Austrian, was ad- 
mitted to the University : Hospital Jan. 14, 1942, complaining of pro- 
gressive difficulty in swMlowing over a period of two months. He had 
developed nausea and vomiting of undigested food shortly after eating, 
and for three days he had been unable to eat at all. There was an al- 
most constant, dull ache' and sense of fullness beneath the xiphoid 
process, aggravated by taking food. The resulting loss of weight 
amounted to 30 pounds (13.8 kg.). The past history and family liistory 
were essentially negative.- 

Physical Examimition.—The patient appeared chronically ill and was 
obviously emaciated. The temperature, pulse rate, and respiratory 
rate were normal. The heart was normal in size, the cardiac sounds 
were normal in character, and no murmurs were heard. The blood pres- 
sure was 130/90. A few crepitant rales were present at both lung bases 
posteriorly. The remainder of the examination revealed no abnormal- 
ities. 

Laboratory Examinations . — The blood Kalm reaction was neo-ative 
Examin ation of the blood disclosed a hemoglobin content of 90 per cent 
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(Salili) and 8,000 leucocytes per cubic millimeter. On admission the 
urine showed 8 to 10 leucocytes per high power field, but six days later 
it was negative. The total protein content and the chloride content of 
the blood were normal. 

Roentgenograq}hic Examinations . — ^Roentgenographie studies of the 
upper gastrointestinal tract revealed a carcinoma of the loAver third of 
the esophagus. Roentgenograms of the thorax shoAved no evidence of 
metastases, and the heart was nonual in size and shape. 

Clinical Course . — An esophagoscopy was performed Jan. 19, 1942. A 
polypoid, pendunculated lesion, almost filling the esophageal lumen, 
was encountered 32 cm. from the teeth. Biopsy of this mass revealed a 
squamous-cell carcinoma. 

During the folloAving eleven months a series of surgical procedures 
Avas carried out for the purpose of removing the tumor and reconstruct- 
ing the upper gastrointestinal tract (Drs. C. Haight and E. B. Kay). 
On January ’28, a Beek-Jainu tube urns constructed along the greater 
curvature of the stomach and the spleen Avas removed. On February 12, 
the esophagus AA^as mobilized throughout its length and brought out 
through an incision in the neck, the tumor Avas resected, and a cervical 
esophagostomy Avas created. The neoplasm proved to be a eornifying 
squamous-cell carcinoma, grade II, AAutli extensive infiltration of the 
periesophageal fibroadipose tissue and skeletal muscle. On February 24, 
a gastrostomy Avas performed, and the Beck-Jainu tube Avas brought 
out over the costal arch. Soon thereafter the patient AA^as able to eat. a 
soft diet by connecting the esophageal Avith the gastric stoma by means 
of a rubber tube. On May 28 and October 22, reconstructive plastic 
procedures upon the gastric stoma AA’^ere done. On December 8, the first 
stage of an esophagoplasty to create an anterior tlioracic esophagus AAms 
performed. 

On December 15, a trigeminal pulse AAms noted and an electrocardio- 
gram Avas ordered. On the folloAving day, AAhile being taken to the 
Heart Station in a AAheel chair, tlie patient experienced a sudden, severe 
pain in the precordium AAuth radiation to the left arm, lasting about 
ten minutes. While inoAung from the chair to a bed, liefore the tracing 
Avas made, he felt faint and there Avas momentary loss of consciousness. 
As soon as he assumed the supine position he Avas rclicA'^ed of all symp- 
toms. The electrocardiogram shoAved prominent Q AvaA'^es, marked 
upAvard displacement of the RS-T segment, and terminal inversion of the 
T Avaves in Leads II and III and Lead Vf (Fig. lA). Examination of 
the heart on the folloAving day showed no abnormalities; the blood 
pressure Avas 98/82. There Avere no significant changes in the tem- 
perature, pulse, or respiration, and, AAuth the exception of slight, dull, 
precordial discomfort for a fcAv daA*s, no further .symptoms. Treatment 
for acute myocardial infarction Avas instituted. • 

After tliis incident the patient did not regain his strength and be- 
came' increasingly difficult to manage. It Avas frequently necessary to 
supplement gastrostomy feedings Avitli fluids parcnterallAL On De- 
cember 21, the blood nonprotein nitrogen Avas 68.5 mg. per cent, and 
examination of the urine shoAved albumin (1 plus), 8 to 10 leucocytes 
per high poAver field, and tAAm to three liAmline and granular casts. per 
loAv poAver field. ... 

Early in January, 1943, the patient began to complain of dull pain 
in the loAver left part of the chest anteriorly, and in the axilla. This 
AAns .present intermittently thereafter until his death. Roentgenographic 
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examination of the chest on Jannary 27 slioweci a bizarre protuberance 
along the lower left cardiac border and at the apex, which gave the 
heart a boot-shaped (‘‘eoeur en sabot”) outline. 

.On Feb. 16, 1943, tlic patient was allowed up in a , chair for the first 
time after Ms attack of pain in December. At this time his mental 
status was much improved and he took liquid niourishment well. Two 
days later, however, he had a sudden attack of iDain in the jmecordium, 
associated with cyanosis, shallow respirations, and loss of consciousness 
for about one minute. The blood pressure fell within the next 24 hours 
to 76/40, but after 48 hours it rose to 90/60. Examination of the heart 
revealed a gross cardiac irregularity, but no other significant changes 
from previous findings. Except for persistence of occasional, dull pain 



Pis. .1. — A. .Standard leads and extremity potentials on Dec. 1C. 1942. Note 
prominent Q waves, elevation of the RS-T segment, and terminal inversion of ■ the 
T wave in Deads II, HI, and Yr. 

B. Standard leads on Feb. 18, 1943. RS-T displacement is present and auricular 
fibrillation has appeared. . 

C. Standard leads on Feb. 23, 1943. Normal sinus rhythm now present. 

B. Standard leads on Feb. 28, 1943, show persistent RS-T displacement. 
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in the left lower anterior and lateral chest region, all symptoms quickly 
disappeared. 

The electrocardiograms taken Feb. IS, 1943, immediately after this 
attack, show auricular fibrillation with a ventricular rate of 150 per 
minute. There is pronounced upward displacement of the ES-T seg- 
ment in Leads II and III (Fig. IE) and Vp, such as occurs in fresh 
posterior infarction. In this respect these tracings ai’e much like those 
taken Dec. 16, 1942. Similar, but even more striking, displacement of 
the KS-T segment is present in several of the unipolar precordial leads • 

ft a 



2.— A. Unipolar precordial leads on Feb. IS, 1943. Note striking- elevation of 
frrl' 1 segment in all leads taken from points to the left of the sternum. Leads could 
nnri taken from the usual six pi’ecordlal points because of the operative ivounds 
nna Vj.5 and V5.5 represent leads from points midway between Vs and Vj, 

Vs and Vo respectively. 

precordial leads on Feb. 23, 1943. RS-T displacement still present, 
although less conspicuous. 


_his change is more characteristic of a very recent anterior myocardial 
infarction (Fig. 2.4.). The standard and precordial curves taken five 

2E) are essentially the same, except that the 
L-i displacement in the latter is somewhat less conspicuous and nor- 
mal rhythm is present. The standai’d leads taken ten days after the 
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second attack of pain sliow pei-sistent disniaeeinent of the ES-T sea'inent 
ill Leads II and III (Fig. ID). 

The patient became progressively more depressed, unruly, and lethar- 
gic. He had a moderately productive cough, but exhibited no other 
manifestations of congestive iieart failui-e. On jilarcli 3, the blood 
pressure was SS/5S. On the following day liis condition was not greatly 
changed until midday, when he was found unconscious in his bed. He 
had Chejme-Stokes respiration and the pulse Avas imperceptible'. He 
died witliin a few minutes. 

Post-mortem Exmnindfion (Performed by Dr. "NY. A. Stryker). — The 
heart appeared to be a firm, Avhite mas.s of neoplastic tissue ; it Aveighed 
550 grams. The entire apical portion Avas replaced by earemomatous 



A. B. c. 

FIs’. 3. — Tranverse .sections of the heart, showing- extensive neoplastic invasion. 

A. From midportion ; cavity of left ventricle and normal myocardium seen above. 

B. From point midway between A and C. 

C. From cardiac apex. 


Fig. 4. — Microphotograph of section of heart. At points A. myocardium shows ne- 
crosis and atrophy. ■ Infiltrating neoplasm is seen at points B. Stroma of neoplasm 
shoTsm at C. 
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tissue in which there were small foci of necrosis. In the middle portion 
there was carcinomatous replacement of the lateral and posterior 
aspects of the left ventricle, the interventricular septum, and nearly 
all of the right ventricle, so that the only normal appearing myocardium 
was that of the anterior wall of the left ventricle adjacent to the in- 
terventricular septum (Fig. 3). The neoplasm extended to Avithin 2 cm. 
of the aortic ring, and involved the papillary muscles, as well as the 
cliordae tendineae, of the mitral valve. The auricles and all valve cusps 
Avere essentially normal. The anterior descending branch of the left 
coronary artery could be identified throughout one-half its course; it 
shoAved only slight atherosclerosis. Metastases -were present in the 
mediastinal, tracheobronchial and peripanereatic Ijonph nodes, the 
liver, the right kidney, and both lungs. 

Microscopic study of the heart revealed a metastatic, heavily corni- 
fying, squamous-cell carcinoma (Fig. 4). The myocardium shoAA^ed 
focal areas of necrosis and atrophy, as well as patchj^ interstitial fibrosis. 
Serous atrophy of adipose tissue and focal aggregations of lymphocytes 
Avere present in the epicardium. The neo])lasm displayed necrosis, A\ath 
surrounding polymorphonuclear and foreign-body giant-cell reaction. 
There was an adhesive filDrous pericarditis, but no evidence of direct ex- 
tension of the neoplasm in the mediastinum to the mjmeardium AA’as 
found. 

DISCUSSION 

The electrocardiographic abnormalities that occur in tumor of the 
heart are in no Avay distinctive, and depend upon the location of the 
neoplasm.^®’ “ Eight bundle branch block has been described in pa- 
tients Avith involvement of the interventricular septum^'® ; partial 
heart block’® and complete atrioA’-entricular block’® have been observed 
Avhen the region of the atrioventricular node and His bundle has been 
affected ; and tumors extending into the cavity of the right auricle have 
been accompanied by significant changes in the P AA'aves.’^ Paroxysmal 
auricular flutter, atrioventricular nodal rhythm, or paroxysmal auricu- 
lar fibrillation, AAdiich occurred in our patient, haAm been reported fre- 
quently,®’ but have not proved Amry heli?ful in locating the neo- 

plasm. Electrocardiograms characterized by small QES complexes in 
all leads have also been recorded, but are of little value in diagnosis be- 
cause they occur in a variety of conditions.®’ ® 

Inversion of the T AA’ave of the type usually seen in acute myocardial 
infarction occurred in three of the previously reported cases of primary 
or secondary neoplasms of the heart or pericardium. In none of them 
AA’as it accompanied by characteristic alterations of the QES complex. 
In the ease described by Boman’® there Aims slight cleAvation of the ES-T 
segment over a period of tA\’enty-nine, days. The patient AA’as found to 
have a primary sarcoma of the pericardium, AA'ilh onty superficial in- 
filtration of the myocardium. Pronounced and persistent ES-T dis- 
placement comparable to that obseiwed in the case reported here has not 
been described heretofore in any case of cardiac neoplasm. Barnes 
and his co-A\’-orkers” liaA^e stated that such an elevation of the level of the 
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take-off of tlie ES-T segment is not to ]je anticipalecl from tumorous 
invasion of tlie left ventricle: . 

Strong evidence supports the view that ES-T displacement is the 
result of acute myocardial injurv. whether produced hy general anox- 
emiad® hy vasospastic drugs,” by acute pericarditis, hy physical or 
chemical means, or by coronary arterial vasospasm-- or occlusion vith 
resulting ischemia.-® Mechanical or thermal injury to the subepicardial 
ventricular muscle produces E-S-T displacement which persists for about 
thirty minutes. The displacement subsides either because the injured 
muscle dies or because new cell membranes arc formed by protoplasmic 
condensation. When tlic agent producing the injury acts over a longer 
period, it may continue much longer. In eoronaiy occlusion it seldom 
lasts for more than a few days, but in rare instances it may persist for 
weeks or months. On the basis of our present laiovdedge it seems 
logical to attribute long-continued ES-T displacement to maintained 
or repeated injury which prevents the formation of new cell mem- 
branes or continuously spreads to previously unaffected muscle. Never- 
tlie less, this explanation of persistent ES-T displacement seems in- 
compatible with the history of uninterrupted reeoveiy in some of the 
cases of myocardial infarction in which it is observed. In two cases 
of this land wliich have come to our notice, myocardial infarction was 
followed by the development of an aneurysm of the left ventricle,®t 
but the association of ventricular aneurysm and persistent ES-T dis- 
placement may" have been a coincidence. Because oi tlicsc 2 )ie\dous ob- 
servations, aneurysm of the left ventricle was suspected in the present 
case because of the long-lasting ES-T displacement and the changes in 
the contour of the' cardiac siUiouette, as demonstrated by serial roent- 
genograms. Neoplastic invasion of the heart was also considered, but it 
seemed doubtful that it could explain the unusual electrocardiograpliic 


changes. 

The persistent elevation of the ES-T segment in our patient might 
conceivably be accounted for in several ways: (a) constant or inter- 
mittent compression of one or more of the coronary arteries by the large 
tanor mass, v-ith resultant myocardial ischemia, (b) direct extension 
into the lumina of the coronary arteries, or coronary embolism due to 
fragments of the tumor, (c) neoplastic invasion of tlie pericardium act- 
ing in the same way as other foims of pericardite, or (d) almost con- 
tinuous myocardial injury by pressure or by physicochemical action 
or by inte^rence .with the blood supply as the malignant tissue invaded 
I hert The xnieroseopic observations (Pig. 4) tend to support tb.s 

last hypothesis. o j 

A puzzling feature of tlie eleotrocardiograras taken after ‘ 
attack of pain was tlie association of changes in Leads II and III that 
s7goested a recent posterior myocardial infarct (Pig. IB) with changes 
in the precordial leads, taken at the same time, which were characteristic 
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of fj’e.s'}i anterior jiifai-cfion 


(Fig. 2A). Siimillaneou.s, acute anterior and 


acute po.stcrior infarction can occur init is cej'tainlj' unusual. A large 
anterior infarct involving the cardiac apex in a person u’itli a vertically 
placed heart could theoreiically explain tlie electrocardiographic changes 
and could account for the resemblance of the potential variations of the 
left leg (Vr) to those that occur at the epieardial surface of an infarct- 
At the post-mortem e.xamination the distribution of the neoplasm, 'which 
involved the anterior, apical, and posterior walls of the left ventricle, 
satisfactorily e.xplained the simultaneous presence of upward KS-T di-s- 
placement in the chest leads and in Leads IT and IJT. 

In view of the ma.ssivene.ss of the cardiac tumor at autopsy, the ab- 
sence of congestive cardiac failure during life is surprising. The fail- 
ure of extensive neoplastic invasion of the heart to induce cardiac fail- 
ure has been noted repeatedly,®' and is felt to he particularly 

characteri.stie of metastatic tumors of the heart. Other instances of 
{jractically complete replacement of the heart by metastatic careinoma, 
accompanied by surprisinghv few or mild .symj)lom.s, have been re- 
ported.-’’ Preeordial pain was the most significant symptom ex- 

perienced by our patient. It was not characteristic of angina pectoris in 
many respects. Yater® and Li.sa, et al,,^ have pointed out that anginal 
attacks are common in patients with cardiac tumors. One of the pa- 
tients ohsen-ed In' Fishherg^ was in .status anginosus for sixteen days; 
the autopsy disclosed a mass of tumor surrounding and con.strieting the 
circumflex branch of the left coj'onary artery. This wa.s con.sidered a 
possible explanation of the pain. In the cases desci-ibed by Auei-haeh, 
et al.,’® and Boman’® there was also discomfort suggestive of angina 
pectoris, hut in both of these instances the cause was pi-obably neo- 
pla.stie invasion of the pei'icardiirm. The distress experienced by the 
patient r'epoi ted here may have r'csulted from myocar-dial ischemia due to 
interierence with the coronary arferial flow, froni invasion of the cardiac 
nerves or other mediastinal sti'ucture.s, or from the associated peri- 
carditis. 


.SUJBIAKY 


A case of carcinoma of the esophagus with ma.ssive metasla.ses to the 
heart is repoi-ted. .Serial elect r-ocardiogi’am.s disfrlayed persistent up- 
ward displacement of the BS-I' .segmenrin Leads If, III, and Lead Vj; 
and in a number* ot the unipolar* preeordial leads. It was probably 
caused by almost continuous acute myocardial injury as the neopla.stic 
tissue infiltrated the c*ai*diac rnu.sculatur*e. 
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HEART BLOCK 

The Ixfluen'ce of Venteicueab Systoee Upon tbe Aukjcular 
Rhythm jn Complete akd Incomplete Heaht Blocic 

Aaron E. Parsonnet, M.B., and Ralph I\Iiller, M.D, 

Neayawc, H. J. 

T heoretically, -Wlien licail block is complete, electrical com- 
munication beLveen auricles and ventricles is severed. The tACO sets 
01 heart chambers then beat in rc.sponse to their own independent pace- 
makers, and Avitli their OAsm rate and rlndhm. In many cases of auricnlo- 
ventricular block, hcAA'CA’ci*, the contractions of the ventricles appear to 
disturb the auricular rliylhm, with the J’esult that llie intei'Amls bctAA'een 
auricular contractions during Achich A'ciilricular .systole occurs are 
shorter than tho.se during Avhich the A'entricles arc inactiv'c (Fig. 1). 

This curious arrhjdhmia AA-as first described by Erlanger and Black- 
rnaid in a .slud^- of experimental heart block. They observed that each 
A'cntrieular .sy.stole produced a marked, sloAving of the auricular rate. 
In .some instances this .sloAAdng aaus .so great that only one auricular beat 
occurred betAA’oen tw'O consecutive ventricular beats. When several 
auricular beats occurred betAveen ventricular beats, the first inter- 
aurieular inteiwal aavss long, and the folloAvdng auricular periods became 
gradually shorter. To explain thc.se obserAmtions they adopted the view 
that vagal tone is increased Avith each arterial pulse, HechU first noted 
this arrhjdhrnia clinically, in a child suffering Horn the Morgagni- 
Adams-Stokes syndrome. Wilson and Roltinson" reported tAA'o eases in 
more detail. They discovered a tendency for tbe am-ieular ari’hjffhmia 
to disappear aaIich the heart rate was rapid as a re.sult of exerei.se or 
the admini.stration of atropine, thus lending suppoi’t to the vicAV that 
it A\a.s dependent upon \’agus aetiAuty. In their second case (as aa^cH as 
in the one described by (tolm and Fi-aserU, tlie auricular complexes 
AARieh folioAved tlje beginning of A'cntricnlar .sy-stole AA-ere aberrant. 
They a^s^med that an eeto])ic auricular focus, stimulated mechanically 
)} the contract venlrirde, had given ri.se to the.se aberrant complexes, 
Thej further ventured the suggestion that a .similar effect of ventricular 
.S 3 .stole npmi the ordinary auricular pacemaker might account for the 
au lAdhuiia d(-sc)'il)vd ahoA-e, YTenckebaeb and Winterberg'' offered 
sti anothcj explanatioJi. 'l’J]e 3 ' believed that the auricular irregularitv' 
AAas caused b} elmiiges in tlie Idood suj)])h’ of the sinus pacemaker con- 
•sequent upon Ax-nli-ieular sy.stole. In a clinical study of 43 eases of com- 
p etc heart block, Ellis''- noted the auricular aiTlqA'thnn'a in six of them, 
an^^^^iGial other authors have mentioned the fact that this phenornenon 
m-wivcC for publication .Tune 3, 1043, 

Jc-reer."” I^vpartment of C.ardiologj-, Newark UeU, Israel HoKpitrU, Newark, New 
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does occiird-- ®’ Le^\ds‘ observed that the irregiilaritj’' is often more 
striking in degree in 2 :1 auricnloventrieular block. 

We were unable to find in the literature a detailed study of a large 
series of cases of heart block which was devoted primarily to an analysis 
of this problem. , We thought, therefore, that the following review of 
28 cases of complete, and 10 eases of incomplete, lieart block, analyzed 
from this particular standpoint, might throw some light on the true 
nature of this mechanism. 



Pig. 1. — Case 2S, Lead III. 

As-Vs-As cycles shorter. PiP-j-TO; PjRi-17: K 1 P 2 -S?. ; P^Ps-So; P.iPi-7.3; 
PjR: - S : R:P4 - Go ; (PiPj - ?, PsPo - ? ; = 157) ; PcPt - 7S ; P«P^ - CS ; R.P- - 10 PtPs - S3. 


JIATERLVL 

The eases were obtained from the files of the Newark Betii Israel Hos- 
liital and from our own private practice. Many were discarded because 
the auricular complexes were not sharply enough defined to allow ac- 
curate measurement, or because of the presence of auricular fibrillation, 
auricular flutter, or frequent premature ventricular contractions. All 
of the intervals between auricular complexes were carefully measured, 
as were the interventricular intervals. Estimation to the nearest- Moo 
second was considered sufficiently accurate for our purpose. The 
lengths of the auriculo-ventriculo-auricular cycles were compared with 
those of the auriculo-auricular cycles. For the sake of brevity, 1b e 
former cjmles will be designated As-Vs-As, and the latter, As- As, 
throughout this paper. In some instances the auricnloventrieular and 
ventriculoauricular intervals were also measured. 

In four cases repeated tracings had been taken. In two of these, the 
shortening of the As-Vs-As cycle did not occur on all occasions. Never- 
theless, they were included in the group which illustrated this phe- 
nomenon, thus slightly weighting the statistics in its favor. 

In all, 28 cases' of complete block and 10 of incomplete block were 
studied. ’ Two showed variations from complete to incomplete l)lock, 
and were included in both series. Thus, there were 36 individual case 
histories In the group of cases of incomj^lete hcait block, theie vcic 8 
examples of 2:1 block, one of the Wenckebach phenomenon, and one of 
intermittent high-grade block. 

Data as to age. sex, etiology, and auricula i* and ventricular rates, as 
well as the re.sults of measurements, will be found in Table I. 


RESULTS 


Early in this study the necessity for careful measurement was demon- 
strated by the observation that, when a ventricular complex falls be- 
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tween two auricular complexes, an optical illusion results, and this cjclc 
may appear shorter than the preceding or following i\s-A.s cycle, al- 
though actually it may he longer (Fig. 2). Also, slight changes in 

Tahia: I 
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Abbreviations: A.S. — Arteriosclerosis: ? — unknown; C.O. — coronary occlusion; 

SYPH. — ^syphilis; COKG. — congenital; DIG. — digitalis; INF. — acute infection. 



Pig. 2. — Case 13, Lead IV. 

Note optical illusion. F:sP 4 appears longer, but is actually shorter than P 2 P 3 and 
PtPs. PiPi-lOS; P::P3-100; PsP-i - 98 ; P 4 P 5 -IO 4 ; PsPc-97. 


camera speed may give a false impression as to time intervals on cursory 
inspection of a record. 

The As-Vs-As cycles were shorter than the As-As cycles in 14 (50 
per cent) of the eases of complete Mock (Fig. 1). In 2 instances (7.1 
per cent) the As-As cycles were shorter (Fig. 3), and, in 12 (42.9 per 
cent), there was no definite correlation between the lengths of the two 
types of cycles. In the latter event, either the sinus rhythm was per- 
fectly regular (Fig. 4), or the relationship between As-Vs-As and As- 
As cycle lengths varied (Fig. 5). 
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0£ the scrips of eases of iJiconipJolc Jit-jirf. block, in five; insloncc.s 
(50 per cent) tbe As-WAs cycles were sliorlor 6), in 2 (20 per 

cent), tbe As-A.s cycles wei-e sborter (Fig. 7), and in 3 (30 per cent) 
there was no correlation (J^bg, 8). 

A^mon^/' tlie f4 cases of conij)letc block in \\iucii tbe A.S'*\^S"As c^'C]o»s 
were sliorler, there were 10 instances of nonnul aiu'icnlar rate (i.c., 60 to 
100 per minute), in 2 of which the rhythm was intcri'upted by auricula)’ 



, Fig-. 3.— C?if-c 32, I^ea.l II. 

As-A.s ovc!c.‘; filiormc, rniiiil aur icular mtc. Fir.*!! A.><'Ak cyclats longer than ficcond, 
p,p.. -SI; P-Pj-M; I-’3P«-.ol; PiPs-.'JO; PiPr.-yS; PePi - 51 ; P?P*'5I,' PtPg-fSO; 
p<,Pit~r,i; p,«p„-n(5. 



Fig. 4.~Cii!iQ 11. Lead I, 

Auricular rhythm con.-rtant. TOP; -OS; P;P.--f!.9; P;P 3 'CS; PU’s-CS: PsP<-iiS: 
Pel-*? - OS; PjP» - OS; PeP» - OS. 
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premature contractions (Fig. 9), 3 instances of taeliyeardia (Fig. 12), 
and 1 of bradycardia with marked pbasic arrbytbmia (Fig. 11). Of 
the 6 cases of complete block in wliicli the anrienlar rate exceeded 100 
per minute, the As-Vs-As cycles were shorter in 3 (Fig. 12), longer in 
2. (Fig. 3), and in 1 there was, no correlation (Fig. 10). Thus, the ob- 
servation of Wilson and EobinsoiF, that there is a tendency for the 
shortening of the As-A"s-As cycles to disappear in the presence of tachy- 
cardia is not confirmed. No relation.ship was detected between the' 





Fig-. 7. — Case 30, Lead I. 


2 ;1 a'uriculoventricular block. As-As cycles shorter. PjPi - 7S : P^Pa - 74 : PsPj - 7S • 
P 4 P 5 - 74 ; PjPg-7S; PoPi-77: PjPs-7S. 





Fig. 8. — Ca.se 20, Lead I. 

No correlation between As-Vs-As and As-As cycle lengths. PiPa-Sl; P=P3-54: 
P3Pir54: P 4 P 0 -O 3 ; PsPa-Di; PePr-vi; P 7 PS-D 2 ; PsP!>-5i; PtPio-53; PiaPn-SS; 
P 11 P 12 - 53. 





Fig. 9. — Case 7, Lead II. 

Auricular premature conti’action. P 1 P 2 - S4 ; P 2 P 3 - SC ; PaPj - 84 ; P 4 P 3 - 42 ; PaPo - 105 ; 
PnP: - 87; P;Ps - 84. 



Fig. 10.— Case 24, Lead II. 

Rapid arjricular rate, no correlation between As-Vs-As and As-As cycle l^gths. 
PiPi - 56 : PiFi - 56 ; P 3 P 4 - 50 ; P 4 P 5 - 56 ; PsPe - 00 ; PeP: - 50 ; PxPs - 06 ; PsPo - oO ; 
PoPiio - 50 ; PioPii - 50. 
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rjcuwencc oX .sliorteiung oX the As-Vs-As cycles and the ventricular 


oc 


rate. 


Amoin*- the cases of incoin])letc block, {here were 3 inslanees of tachy- 
cardia, 1 of bradycardia, and 6 of normal auricular rale. 



Fif,'. 11.— Case 22, I.ea-1 11. 

.Slow- auricular rate with rnarkeA vUame arrhythmia. PjFi-lCO; PzPj-llS; 
psPj - MO? P^Pi-m? 



Fljj, 12. — Case 18, Lead I. 

Rapid auricular rat<;, A.s-V.s-A.s eycle.s 
I’fPs-Cl; PsF^-OO; PiPr-dO; P;P<.-r/j; P,P> 


ahorter. PiPj 
nPio-oi; 


-.50: PjPs-OO; 
Pj-;Pa - 01. 


PtP4 01 : 


COMMKXT 

Since in 42,9 per cent of our .scries of cases of complete block there 
was no definite eorrclation between the lengths of the As-Vs-As and A.s'- 
As interval.s, it might ajipcar that tJie occurrence of shoi'tcning A,s-Vs-As 
cycles is simply fortuitous, and that ventncular .sy.stoles fall by cliance 
alone uithin the .shorter interauricular ct-cJe.s during .sinu.s arrliythmia, 
particularly wJien tlic ventricular rate is slow and upproximates the 
re.spiralor^- rate. However, reference Uj Table I would indicate that 
the wide variation in vmtrknlav rates in the cases in which there were 
.s miter As-\ s-As indes discouni.s this po.ssibility, for in nio.st ca.se.s the 
ventricular rate far exceed.s the i>Jiysiologic respiratory rate, as well as 
le imc intervals between changimr rate.s in noniibasic .sinus arrliythmia, 
hurthermore, we .should expect the ventricular .sy.sfole.s to fall during the 
onger interauricular pen'od.s with equal frequency. Actually, the 

on ‘jf the rmsfjH of Complete block, and 

1 ^ shorter seHe,s of incomplete block. :M:oreover, the 

s 10 ennig o .sA .s-As cycles was usually eon.si.stent throughout all lead.s 
and throughout the long tracings which were taken on .several of the 
patient.s. 

Three theories have been advanced in an attempt to explain tlie ap- 
parent mfineace of ventricular .systole upon the auricular rhvdlirn in 
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auriculo ventricular block. These are a.s follows: (1) changes in the 
blood supply to the sinus node; (2) changes in vagal tone; and (3) 
direct stimulation of the sinoauricular pacemaker b.y the contracting 
ventricle. 

Changes in ihe Blood Supply to the Sinus Node . — This theory was 
first propounded by Wenckebach and Winterberg.“ After contraction 
of the left ventricle, the sinoauricular pacemaker receives a fresh supply 
of oxygenated blood, its nutrition is improved, waste products of its 
metabolism are removed, and, consequently, impulse formation is stimu- 
lated. During periods of ventricular asystole the reverse process holds 
true, and the pacemaker is depressed. 

In order to put this theoiy to the test, several cases were analyzed 
with respect to the time in the As-Ys-As cycle during which ventricular 
systole occurred. If this hypothesis be correct, we might rightfully 
anticipate an optimum point in the cycle at which stimulation of the 
pacemaker should take place, with a resultant As-Ys-As eyele shorter 
than any other in the record. However, actual analysis failed to dis- 
close any such correlation of the As-Ys-As cycle length with the point of 
incidence of Ys in the cycle (Table II). Furthermore, even when the 
Ys was found very late in the cycle, shortening was present, although 
the second As appeared during the isometric contraction phase of the 
preceding ventricular systole (Fig. 1; note cycle P,..-QRS-P-) . 


Tabi.e II 



AS-VS-AS CYCI.E 

p-p 

P-P, 

R-P 


INTERVAIi 

IKTEKVAI. 

IXTEKVAL 

IKTERVAL 


P.P. 

78 

32 

46 


PtP. 

82 

38 

44 


P loP 11 

79 

38 

41 


P:=P,:. 

81 

2 

79 


P»P,. 

82 

74 

8 


■ PioPn 

80 

34 

' 46 


P loP 20 

78 

19 

59 


P 20 P 21 

84 

72 

12 


P 22 P 23 

76 

26 

50 

Case 

26. EGG MW-l. Note 

length of P-P 

interval independent of point of in- 

cidence 

of ventricular systole. 





Changes in Vagal Tone . — Erlanger and Blackman^ contended that 
vagal tone is enhanced by each arterial ]}ulse. Because of this increased 
nervous activity, the As-As cycles which follow ventricular contractions 
are lengthened. Should we accept this theory, we might anticipate 
that, when two or more As-As cycles follow a ventricular contraction, 
-the first would be longer than subsequent ones. There were 14 cases in 
which two or more As-As cycles were present between ventricular con- 
tractions. In 7 of these the first As-As cycles were longest (Pig. 3), m 
2 the second was longest (Fig. 13), and in 5 there was no correlation 
(Pig. 14). Prom the above it can readily be seen that, although the con- 
cept is borne out to a greater or lesser degree, there are definite exeep- 
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lions that must be rcekoncd wth. Moreover, tliei'c is no r<;latiorislnp 
between the point of ineidenec of! Vs in tlie As-Vs-As cycle and the 
length of tlte first As-As cycle which follows. 



Mg'. i:j. — Case* ij, Load HI. 

Firsst As-/Vs cvek; largo.st. PtP~-f! 0 ', PzPj-CO; PzPi - 74 ; P.1P5-C6'; PsPe-OQ; 
PrP, -GS; PiP»-G 3 ‘; P»P... -TC. 



P3ff. H,— Case JO, Load II. 

Xo correlation between lengths ot first and second As-As cycics following' As-Yh-As 
cycles. PjP= - 02; P-P: - 02; P:P< - 02; INPs - 02; PjPc - 02; PePr - 02; P;P* - 02; P«P» - 02; 
/SPjo - C2, 


Direct Biimulaiion of the Sinoauricv.lar Paceniaher hij the CJontract- 
in(j Ventricle . — ^Rare instanee.s liave been recorded of complete heart 
block in which the ventricular contractions appeared to initiate ectopic 
auricular impulses which were not tlie result of I’ciivgrade conduction. 
The explanation advanced for Ibis phenomenon is that the contraction 
of the ventricle meclianically stimulates an irritable ectopic auricular 
locus. Based on. tliis reusonhtg, the i'urthei' infei'cncc is made that 


lentricular .systole might sifuilarly stimulate the normal .sinus pace- 
maker, and induce it to dischaj’ge prc)^a^ul•el3^ Tlie validity of this 
theoiy is challenged bj' V olierth and Mciilillan.^^ After a veiy exhau.s- 
iive aiial^.sis oi irjlativoly shori intervals between ventz'ieuloaiirieular 
sequential beats during high grade heart block, tlicy conclude that this 
phenomenon is caused by retrograde transmission of the excitalory 
jnoccss Ihiouuh tlie ai-ea ol block; it canmit be sati.sfactorilj' explained 
as the result of mechanical stimulation of auricles by ventricles. In two 
oi our eases of complete lieart block, .sporadic premature auricular con- 
tidction.s Mere jjrcsent (Fig. 9 ), tVe did not encounter any in.stances 
of wdopic auricular complexes like tho.se described by Wilson and Rohin- 
soir or Colm and l-'i-a-scr,' nor vcntriculoauricular .sequential beats of the 
3pe lepojtcd In' Volicrlli and McAIillan." In .several graphs, minor 
eiianges m tiie contour of P u'avcs wliidi follon-cd QR.S eonipicxcs vero 
note , )ut Mere regaixlcd in all likelihood as the re.sult of a shift in Die 
electrical axis of the auricles caused by contraction of tlie venirichs. 
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Each of . the foregoing- hjiioliieses may embody factors which are in 
part responsibie for the anricnkr irregularity. HoAvcvcr, all of tliem are 
defective in Iavo major respects. First, they fail to account for the fact 
that the lengths of the As-Vs-As cycles, or the .succeeding As-As cycle, 
appear to be independent of the point of incidence of Vs in the As-Vs- 
as cycle. Second, they fail to explain aAvay satisfactorily the excep- 
tions to tlie rule, i.e., the cases in AA^hich As-As is shorter than As-Vs-x\s, 
and those in AAdiich there is no correlation at all. 



Fig-. 15B. — Ca.se 1, Lead I. 

2 ;1 auriculoventricular block. P 1 P 2 - 72 ; P-Ps - G9 ; PsPj - 71 ; P4P3 - C9 ; PoPc - 72 , 
PcPr - C9 ; PtPs - 72 ; PsPo - 70. 



Fig. 15(7. — Case 1, Lead I. 

Complete auriculoventricular block. P1P2-7S; P:Pc-75; PsP^-ll; P4P5-7G; 

PsPo - 74 : PcP7 - 74 : PiPs - 7G ; PsP'o - 74. 

, When normal sinus rhythni is present, the ventricular systole does not 
appear to disturb the relationship of succeeding beats, for otherAvise 
there . AA'Ould be progressive acceleration or retardation of the auricular 
rate. In this connection, it is interesting to note that interpolated 
ventricular premature beats do not appreciably alter a normal sinus 
mechanism. 

Fig. 15 shoAvs a series of tracings from a case of intermittent block of 
A^arying degree. The first one (Fig. 15A) shoAVs normal sinus rhythm ; 
the second (Fig. 15A), 2:1 aurieuloA’-entricular block, and the auricular 
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nrrliytlimia is (luitc inurkcfl, as if. is also in flic third f.racin«: (h'ig. 15C'), 
in which the block is complete. Since in the first tracing the anricnlai- 


rliyf hm is peri'cctly I'cgnlar, f he question may he asked ; Why, when 2:1 
block or complete block snpersmiuis, is the aiu'icular rhythm disturbed? 


The fact that wc have been unable to detect any relationship between the 


point of incidence of ventifcular systole in the As-Vs-As cycle and the 
duration of this cycle oi- succeeding A,s-As cycles impels us to the con- 


clusion that it is the mere 


absence of ventricular activity in the As-As 


cycle which determines its leng-thening. In the absence of a ventricular 
l)eat, it appeal’s that the sinoaiirieular pacemaker hesitates, so to speak, 
before discharging. Is, then, the presence of venirieular .systole in itself 
a pi’crequisite to the orderly, rhythmic dischai’gc of the sinoaui'icular 
pacemaker? And is fhe stimulus inediated through humoral, nervous, 
or mechanical channels? Is it po.ssible that mechanical .stimulation de- 
pends upon the rise in intra-auricular tension which accompanies the 
isometric conti’action phase of the j-ight ventricle? 


It is probable that the stimulus, or perhaps mo3-e correctly, the ab- 
■sence of the .stimulus from the contracting ventricle upon the auricular 
pacemaker is of a low ordc]- of intensity. Fuifhermoi’c, the senshhuiy 
of individual pacemakers probably vai-ies. Some nmanal persons have 
verj' labile heart rates, and respond readily to stimuli of vai-ious kind.s, 
whereas others exhibit a much more .stable cai’diovascular meehani.sm. 


Depending upon the intensity of the stimulus and the sensitivity of the 
receptor, it is conceivable that the ventricular beats would influence the 
auricular rate in certain ease.s, but not in others. Still another factor 
may play a role in explaining the exceptional cases, i.e,, those in Avhieh 
A.s-As is shorter or in which there is no cori’clation. During pei’iods 
of ventricular a.systole the auricles continue to contract independenfly, 
and tend to expel blood into the venl rides. Since the venti'icles do not 
empty with equal fi’cqueney, between ai-feifal ])ulscs fhejc is a rise in 
intra-auricular tension which is reflected in the lai’ge auricular waves 
in the .pigular pul.se, and in .some ease.s by atulible auricular .sound.s.’'-* 
High voltage P w-aves have been regarded as evide7ice of auricular 
strain,’" In this connection, it is intcrc.sting to note that in eight of oiu’ 
cases of complete heaj’t block there were high 'V’oltage P waves in Lead 
TI, and, in addition, in Lead HI in two of these (Figs. 10 and 14). 
This inci’ease in intra-auricular tension is, per sc, a .stimulus to accelera- 
tion of the auricular rate, i.e,, the Bainbridge reflex. Thus, there would 
be opei’ative, simultaneously, two opposing i77fiuence.s; 077c, dependent 
upo7i the ab.sence of ventricular systole, tending to lengthen the A.s-A.s 
period, and the olhe7-, dependent upon the Bainbridge type of reflex, 
tending to shorten this pei’iod. If the fii’.st .sti 7 nulus be dominant, the 
As-As cycles will be longei-, Avhei’eas if the second stimulus be more in- 
tense, they would be .shorte7’, and if the opposing influences be nea7-]y 
equal, theu-e wo77ld be no correlation. 
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CONCLUSIONS 

1. The auricular arrhythinia which is present in some eases of com- 
plete and incomplete heart block appears to be. caused primarily by the 
absence of ventricular systole from the interauricular periods. The 
mere failure of the ventricular beat disturbs the normal, orderly syn- 
chronization between auricular and ventricular activity, and results in 
delay in the discharge of the sinoauricular pacemaker. 

2. The reflex mechanism wbich is involved is unknown. It may be 
of a humoral, nervous, or mechanical nature. 

' 3.- Because of variations in the intensity of the stimulus in the ab- 

sence of ventricular systole from the As-As cycle, and in the sensitivity 
of the receptor in the sinoauricular node, the arrhythmia may or may 
not occur. 

4. The rise in intra-auricular pressure during ventricular asystole 
tends reflexly to accelerate the auricular rate. This may explain the 
cases in which the As-As cj'cles are shorter, or those in which there is 
no correlation between' As- Vs-As and As-As cycle lengths. 
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CONGENITAL CAROIA(J DISEASE 
BIBLIOGRAPHY OF THE 1,000 CASES ANALYZED IN 
31AUDE ABBOTT'S ATJ.AS 

With ax Ini>ex 


Edited by Donald deF. Batiek, M.D., C.M., and 
Eefie C. A.stjujky, B.A., B.L.S. 

T he purpose of this })ib]iof*jvip]iy is best expressed by a cpiotation 
from a letter of Dr. Lewis T, Bullock. He encountered difficulty in 
tracing the source of Dr. Abbott’s material, and he therefore .sugge.sted 
the preparation of .sucli a bibliography to Dr. Abbott during the last 
year of her life. His sugge.stion lived on in the mind of one of the 
editors, who at that time was associated with Di'. Abbott as student 
and as.si.stan1. Dr. Bullock has written : 


“I .still feel veiy .strongly tliat the pulilication of this bibliography 
would be of great value. Dr. Abbott’s statistics are very widely quoted 
and yet many people undoubtedly have found, as T did, that it was irn- 
po,ssible to analyze these statistics becau.se the .source of them could not 
be determined, except by ])er,sonal communication with Dr, Abbott. As 
you know, my statistics vary markedly from hers, fi'his is because 
I excluded the infants, while .she included a large number of infants, 
•Such comparison is, however, impo.ssiblc, and tin; discrepancy cannot 
be explained unless one is able to go back and check the material which 
.she used. The value of her excellent chart will be tremendou.sly in- 
creased by publication of a complete bibliogi-aphy.’* 

To obviate the difficulties which Dr, Bullock and others met in 
utilizing material fj-om Dr. Abbott’s chart, a refei-ence is herewith 
provided for every one of the 1,000 cases which she analyzed.*' These arc 
ai-ranged alphabetically under the sub.icct headings of the chart. When- 
ever po.ssiblc, the editors have included information about age and .sex. 
This is given at the end of the reference: the number refers to years 
unle.ss othenvi.se de.signaled; “m” is for male, and “f” for female. 


D)'. W. W. Francis, of tlie D.sler Library, iilcGill University, very 
kindly made available the papei's of Dr. Abbott on which woi'e found 
brief notes about the 1,000 eases, including abbreviated references to the 
books or papers Avherein the cases were originally described. The 
special library training of one of the editors, the geneiuus cooperation 
of Dz-. Ai'chibald iMalioch, Librarian for the New York Academy of 
Medicine, and Mr. I'cankenbei-ger, Libiuzlan foi- the Kings County 
Medical Society, in making available the facilities of their fine libi-arics, 
the invaluable woik of .stack assistants at McDill and the other lihrai'ics, 
and the important clues provided by the Surffeon GcncraVs Catalopuii 
and the Index MedAcun enabled the editox’s to trace all but a .small hand- 

rif;c,;Ivf;<J for public;,'itfrjn .lunr; K, 

*1 few insUinccs the ilate of a reference ik l.atcr tluin the date of iiublication of 

1 ^eparent incomiatcncy Is explained Jjy the fact that the.'iC items were 

1 per.sonal communications, Z>ut from the data ^ven It v/a» 

poBslbW to identify them in their .subsequent publlBhed form. 


688 



BAUER AND ASTBURY; BIBLIOGRAPHY OF 1,000 CASES 689 

fill of the incomplete references to the correct source. Alteunale refer- 
ences foiind in Dr. Abbott’s notes are provided for tlie remaining doubt-, 
flip cases. It is a pleasure to acknoAvledge ai.so tPe valuable help of 
jiliss HazeP Watts, ivlio contributed generously of her time early in the 
uiidertakinG,’. The interest and the guidance of Dr. J. C. Meakins, Dr. 
Paul Wliite, Dr. W. W. Francis, Dr. Archibald Malloch, Dr. Emanuel 
Libman, and others have made possible the completion of this under- 
taking. 

1. ANOAIALIES OF PERIGARDIUAI 
1. Pericardial defects — SO cases 

J. IBaillie, Matthew. On the want of a pericardium. In his Works, ed. by Janies 
Wardrop. Lond., Longman, Hurst, 1825. v. 1, j). 44-5.8. 40 in. 

2. Balv, William. Absence of the pericardial sac, the heart lying in the cavity 
^of the left pleura, Tr. Path. Soc. Lond. .-J: (50-03, 1852. 32 m. 

3. Boxall, Eobert. Incomplete pericardial sac; escape of heart into left pleural 
cavity, Tr. Obst. Soc. Lond. 28: 209-210, 1887. 28 f. 

' 4. Breschet* Gilbert. Memoire sur un vice de conformation congenitale des en- 
veloppes du coeur, Eepert. gen. d’anal. et de physiol, path. 1: (i7-74, ]S2(). 
28 m, 

5. Bristowc, J. S. Malformation of the pericardium and left pleura, Tr. Path. 
Soc. Lond. 6: 109-112, 1855. 28 m. 

(5. Cameron, A. L. Defects of the parietal pericardium, Tr. Chicago Path. Soc. 
9: 148-155, 1915. 67 m. 

7. Canavan, M. M. Adult heart with deficient pericardium, J. A. M. A. 82: 

71G, 1924. 50. 

8. Chiari, Hans. Fall von fast voU.'^tandigcm Defckte dos Pericardium parietale, 

Wien. med. Wchnschr. 30: 372-.374, 1880. 40 m. 

9. Curling, T. B. , Case of congenital absence of the pericardium, Med.-Chir. Tr, 

(Lond.) 22: 222-230, 1839. 40 m. 

10. Faber, Carl, Ueber den angebornen Mangel des Herzbeutels in anatbmiseher, 

entwicklungsgc.schichtlicher und klinischer Be/.iehung, Virchow's Arch. f. 
path, Anat. 74: 173-201, 1878. 51 m. 

11. Grant, R. T. Congenital pericardial deficiency; an observation on the func- 

tion of the pericardium, Heart 13: 371-377, 192(5. 52 m. 

12. Hughes, W. E. Phthisis; absence of parietal pericardium; malposition of 

liver, Tr. Path. Soc. Philadelphia 12: 73-75, 1886. Also St. Louis Med. & 
Surg. J, 45: 539-541, 1883. 33 in. 

13. Keith, Arthur, Partial deficiency of the pericardium, J. Anat. & Physiol, 41: 

6-7, 1900-07, Case 1, fetus; case 2, fetus. 

14. McGarry, E. A. A case of patency of the pericardium and its embryological 

significance, Anat. Rec. 8: 43-54, 191-1. (55 m. 

15. Orth, J. Circulationsstorungen. In Lehrbuch der speciellen pathologischen 

Anatomie, Berlin, Hir.schwald, 1887. Ca.‘:e v. 1, p. 12(5-127. 

16. Peacock, T. B. On malformations of the hunuin heart; 2nd ed. Lond. 

Churchill, 1866. xx, 204 pp. Case p. 12, 75 m. ’ 

17. Perna, Giovanni, Sopra un arresto di sviluppo della sierosa pericardica 

nelP uomo, Anat. Anz. 35: 323-338, 1910. 68 m. 

18. Picchi, L. Due rari casi di malformazione pericardica, Sperimentale 71 : 

375-379, 1907. Case 1, 60 m.; ease 2, 3] f. 

19. Plaut, Martha. Ueber zwei weitere Fiille von Defekt des Herzbeutels, Frank- 

furt. Ztschr. f. Path. 12: 14-56, 1913. Case 1, 30 m.; case 2, IS f. 

20. Powell, E. D. Case of pneumothorax with congenital opening in the peri- 

cardium, Tr. Path. Soc. Lond. 20: 99-100, 1869. Adult m. 

21. Saxer. Die Brustorgane einer OSjahrigen Frau mit fast vollstiindigem ange- 

borenen Mangel des Herzbeutels Miinchen. med. Wchn.schr 49; 858 1902 
. 38 f. ’ ■ 

22. Schindewolf, K J. Ein Fall von Herzbcuteldefekt, Marburg thesis 1900 

31 pp. 50 m. -) • 

23. Tait, Lawson. Notices of the abnormalities of serous membranes Dublin 

Quart. J. Med. Sci. 47; 85-87, 1869. Case 1, 29 f. ’’ 

24. Verse. Fall von kongenitalem Defekt des Herzbeutels. Miinchen med Wchnschr 

_ 56: 2665-2666, 1909. 30 f. ' ' 

25. Walter, .1. G. Museum anatomicum. Berlin, 1805, '514. 

pp. Artie, 668, 30 m. 
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20 Weisbucli, A, Angcborener Defect Oes Herzbcutels, Wien, ined. Wchnnclir, 18; 
1109, 1808. 42 f. 

27 Wolf. Fall von Entbindung nacli dem Todc mid von Mangel den Ilerzbeutels, 

Mag. f. d. gcs. Heilk, 23: 333-3.35, 1827, 42 i. 

2. Divcrticulim — C cmes 

28 Banduy. Cysloid diverticulum from tlie pericardium, Si. Louis Med, & Surg. 

J,*3G; 2*41-242, 1879. Adult. 

29, Bristowc, .T. S. Diverticulum from tlie pericardium, Tr, Path, Soe. Land. 20; 

101, 1809. 47 f. 

30. Coen, E. Ernie e diverticoli del pericardio, Bull, d, sci, med,, Bologna 15: 

5-18, 1885. 40 m. 

.31. Hart, T. An account of hernia pericardii, Dublin J. Med, Sci. 11: 305-307, 
1837. Adult f. 

.32. Peacock, T. B. Hnc 10. Case p. 13, adult f, 

33, Yater, W. M. Cyst of pericardium, Am. Heart J, 0: 710-712, 1930-31, 52 m. 

n, I)I.SRLACEMENT,S OF THE HEART 

1. Ectopia cordis — 7 cases . , 

34, Cosgrove, S. A. & St. George, A, V. Ectopia cordis, Am, J, Dis. Cliild, 27 ; 

594-597, 1924, 7 mo. fetus f. 

35, Cutler, G. D, & Wilens, Gustav, Ectopia cordis, Am. .T. Dis. Child, 30: 70-81, 

1925. 3% days m. 

■ 36. Ellis, A, G. Congenital malformations of the heart; a serie.s of cases, Tr, 
Path. Soc, Philadelphia 27: 30-40, 1900. Case 3, 2.3% hr, m. 

' 37. Goode, .L G. De.scription of a curious case of malformation — child born with 
heart outside of it.s body, Virginia Med. Bemi-monthly 8: 555, 3904, 30 

days f. 

38. Holme.“, J. B. Ectopia cordis, with a report of a case in a fifteen-montli-old 

infant, .Johns Hopkins Ho.sp. Kep. 38: 287-299, 1917, 15 mo, f. 

39. .Tacobs, Hermann. Tleber cine scltencre Missbildung, Munich thc.sis 1899, 

23 pp. 8 mo. fetus f, 

40. .Tones, Sydney, Ectopia cordis, Tr. Path. Soc, Lond, 0: 98-100, 1855, 13 hr, m. 

2. “Isolated” dextrocardia 

a) Without inversion chambers — 8 cases 

41. Birmingham, Ambrose, Extreme anomaly of the heart and great vessel.", Tr. 

Boy, Acad. Med. Ireland 10: 430-44.5, 3892. Also .7. Anat. & Phy.siol. 27: 
139-151, 1892-93, 20 f. 

42. Gruntnach, E. TJeber angeborene Dexiocardie verbunden mit Pulmonalstenose 

und .Septuradefeeten des Herzens ohne Situs viscerum invcrsu.s, Berlin, 
klin. Wchnschr. 27 : 22-25, 1890. 15 m, 

43. Gruss, Adolf. Ein Fall von Dextrocardie ohne Situs pcrversu.s der iibrigen 

Brust- und der Baucliorgane, Wien. med. Bliltt. 13; 128-135, 1888, 49 f. 

44. Holt, L, E. Congenital malformation of the heart, resembling dextrocardia; 

entire absence of the septum venlriculorum; pulmonarv stenosis, and patent 
foramen ovale, Tr. Am. Pediat. .Soc. 3; 187-191, *3888-89. Also Arch. 
Pediat, 7 : 81-85, 1890. 17 mo. m. 

45. LiiwenthaJ, Hugo. Ueber angeborene Dextrocardie oline .Situs vif-eerurn in- 

versus; Felilen der Artcria pulmonali.s, mit Ductus Botalli aks arterielles 
Gefiiss:; LUeke itn Septum vcntriculorurn. Kleiner linker Ventrikel, Ztschr, 
f. klin, Med. 41: 130-130, 3900. 10 mo, f. 

40. Jfautner, H. & ITin-y, M. I’ransposition der Aorta Oder Persistenz einer recht.s- 
kammerigen Aorta, yircbow’-s Arch, f, path. Anat. 229: 337-344, 392]. 5 m, 

47. Nagcd, .Martin. Beitriige zur Kasui.stik nnd Lehre von der angeborenen 

roinen Dexiokardic, Deutsches Arch, f. klin. Med, 90: 552-580, 3909, 
3 mo. f. 

48. Otto, A. W. Keue Hellene Beobachtungen zur Anatomic, Physiologic und 

Patliologie gehorig, Berlin, I>ucker, 3824. 173 }>p. Case p/44, newborn, 

b) JFitJf inversion chambers — iO cmkch 

49. Baurngarlli, Hans. Cor biloculare mit Dexiocardie, Halle thesis, 1902. 51 

pp. 1. 

oft, Breschet, Gilbert, Memoire sur I’cctopie de I’appareil de la circulation, et 
particnberement sur celle du coeur, Kepert, gf-n. d’armt. et de phvsiol. 
patli. 2: 1-39, 1820, Case 1, 1 mo. m. ' 
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51. Campergue, Berthe. Contribution a 1 ’etude de la cjanose congenitale, Paris 

thesis, no. 249, 1913, 59 pp. Case 1, 8 m. 

52. Dickinson, W. H. Malformation of the heart, Tr. Path. Soe. Lond. 17 : 83-84, 

lS66. 3^/^ m, 

53. Graanboom. Ein Pall von Dextroeardie mit Transposition von alien grossen 

Gefiissen, Ztschr. f. Idin. Med. 18: 185-192, 1891. 33 m. 

54. Gravinghotf & Liebig. Angeborenes isoliertes Eechtsherz ohne Kammertausch 

mit Pulmonalatresie, Ztschr. f. Ivieislautforsch. 23: 1-12, 1931, 6 wk. m. . 

55. Liibs, Hermann. Seltener Pall von Herzmissbildung mit besonderer Lagemng 

der Tricuspidabs, Kiel thesis, 1911. 12 pp. Also Beitr. z. path. Anat. u. z. 
allg. Path. 52: 51-GO, 1912, Stillbirth m. 

56. Korthrup, W. P. Reptilian heart, or ludimentary auricular septum, rudi- 

mentary ventricular septum, obliterated pulmonary orifice and trunk, ab- 
sence of pulmonary veins, absence of mitral orifice, anomalous veins and 
arteries, Proe. Kew York Path. Soc. 40-43, 1888. 31 days f. 

57. Rosier, H. Beitrage zur Lehre von den angeborenen Herzfehlemj fiber die 

angeborene isolierte Rechtslage des Herzens, Wien. Arch. f. inn. Med. 19: 
505-610, 1930. 6 m. 

58. Wenner, Otto. Beitrage zur Lehre der Herzmissbildungen, Yirclion’’s Arch. 

f. path. Anat. 196: 127-168, 1909. Case 9, 1014 f. 

3. Dextrocardia with situs inversus — 11 cases 

59. Abbott, M. E., & MofFatt, AT. Mirror-picture dextrocardia, complicated by 

mitral aplasia and pulmonary' hj'poplasia, with great hypertrophj'^ of the 
transposed “right” chambers, Canad. Med. Ass. J. 20: 611-616, 1929. 
14 mo. f. 

60. Beattie, AAk AA*. Cardiac anomaly (bicameral heart) in situs inversus, Bull. 

Int, Ass. Med. Museums 8: 219-225, 1922. Infant. 

61. Cipriani, C. Cuore unieavitario; transposizione polmonale; polisplenia in 

soggetto destrocardico morto a 20 anni, Sperimentale 46: 127-148, 1890; 
ahst. Centralbl. f. allg. Path. 2: 420, 1891. 20 m. 

62. Clere, Antonin & Le^y, Robert. Reflexions sur deux cas de dextroeardie. Bull. 

et mem. Soc. med. d. hop. de Paris 50: 63-71, 1926. 58 f. 

63. Lineback, P. E. An extraordinary case of situs inversus viscerum totalis, 

J. A. M. A. 75 : 1775-1778, 1920. Full term fetus. 

64. McGill Museum. Infant. 

65. Pappenheimer, A. M. Complete transpo-sition of the viscera with associated 

developmental defects of the heart, Proe. Kew York Path. Soc. 13: 1-3, 
1913. 1 hr. f. 

66. Sakurai, Meyoro. Ein Fall von Situs inversus partialis mit der Missbildung 

des Herzens, Sei-I-Kwai Med. .1. 46: 9, 1927. 5 mo. f. 

67. Schelenz, Curt. Ein neuer Beitrag' zur Kenntnis des Situs viscerum in%’ersus 

partialis, Gottingen thesis, 1909. 23 pp. 3 m. 

68. Smith, Jean. An unusual cardiac malformation; cor triloculare biventriculare 

with mirror picture dextrocardia, Brit. J. Child. Dis. 27 : 26-35, 1930. 
52 hr. m. 

69. Toy. AT. B. & Ellis, A. G.: Transposition of viscera with multiple malforma- 

"tions, J. A. M. A. 74: 322-323, 1920. 5 hr. 

4. Incomplete heterotaxy — 5 cases 

70. Grifiitli, ,J. P, C. A case of transposition of the viscera and of the great 

vessels, witli pulmonary stenosis and perforate septum ventriculorum, Tr, 
Am. Pediat. Soc. 11: 32-36, 1899, also Univ. Med. Mag. (Univ. of Penna.) 
11: 666-668, 1898-99. 8 mo. m. 

71. Hickman, AA’illiam. Malformation of heart; transpo.sition of auricles and of 

aorta; absence of pulmonary artery; patent foramen ovale; communicating 
ventricles, with lateral transposition of principal viscera ; cyanosis, Tr. 

. Path. Soc. Lond. 20: 88-92, 1869. 6 wk. m. 

. 72. Keith, Arthur & MacDonnell, J. J. Ca.se of transposition of viscera showing 
a potentially bicameral heart, Proe. Eov. Soc. Med. 14, pts. 1-2, Sect. Med.: 
,1-7, 1921. 7 mo. f. 

73. McCrae, John. A case of congenital atresia of the pulmonary artery with 

transposition of viscera; a second ca.«e of transposition, Montreal Med. 

. J; 34: , 196-198, 1905, also J. Anat. & Pliv-siol. 40: 28-33, 1905. Case 1, 
49 days m. 

74, Royer, B. P. fc A^filson, J. D. Incomplete heterotaxy, with unusual heart mal- 

formation, Arch. Pediat. 25: 881-896, 1908. 6^/4 m. 
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5, Dextropoxiiion cordis — d cases 

75 Krieeer Arnold. Zur Gescliiclile dor oongcnifalon nextrooardie, nch.sfc Mid- 
lieUung iibcr cinen, dioHC Missbildung vorUiuKcIiendcn KranklieitHfall, 
Berlin tliems, 3880. 42 i)p. 28 in. 

70 Park E A. Pefcetive development of flie right lung, and anomalous develop- 
nient of the richt pulmonary artery and vein, ueeorapanied hy diHlocation 
of the heart simulating dextrocardia, Proc. New York Path. Soc. 32: 88-92, 
3932, 214 mo. m. 

77. Pope, Charles, A ease of transposition of the heart. Lancet 2: .0, 3882, 41 ni. 

Iir. ANOMALIf;S 01'- Tirio HEART A.S A WWOEK 

1. liifid apex-~4 eases 

78. McGill Museum. 8 f. 

79. Mall, F. B. Bifid apex of the human heart, Anat. llec, fi: 307-372, 3932. 

Adult. 

80. Itolle.ston, II, P. 33ifid apex of the heart, Tr, I’ath, Boe, Bond. 42: '17, 3892, 

40 f. 

81. Shattock, S. G, A heart with bifid apex, Tr. Jhith, Soe, Bond. 42: 07-73, 3891. 

25. 

2. Diverticulum — d cases 

82. Arnold, .Julius. TJeber angeborne Pivertikel des Herzens, Virchow’.s Arch, f, 

path. Anat. 127: 238-229, 3894. 1 mo. f. 

82. Koller-.Aehv, H.: Ein angeborene.s Herzdiverfikcl in einer Nabolsr'hnurhernie, 
Arch. f. Gyn. 82; 185-] 87, 3907. 7 mo, fetus f. 

84. Mahrburg, ft,; Uoher einen Fall yon ungeborenem Pivertikel des Herzens, 

Virchow's Arch. f. path. Anat. 277: 498-500, 3920, 2 day.s m, 

2. Primary conynnilal hypertrophy — Id cases 

85. Abbott, M. E. Congenital cardiac di.scasc. In Modern medicine; ed. l)y 'Wil- 

liam Osier and Thomas McCrae; 2rd ed. Phihi., Le.'i & Febigcr, 3927, v. 4, 
p. 032-832, Case p. 000, 2 nio, f. 

SO, Berger, Martha. Zur Frage dor idiopathischen Herzliypcrtropliie im Sauglings- 
alter, Monatschr. f. Kinderli, 29: 44-50, 3924, 31 mo, 

87. Carrington, G, B, & Krumbliaar, E. B. So-called idiopathic cardiac Iiyper- 

trophy in infancy, Am. J. Pis. Child, 27; 449-455, 1924. 32 mo. L 

88. Crawford, 33. h. Sc AVeiss, E, Three specimens sJiowing congenital lesions; 

localized defects of interventricular septum; primary congenital liyper- 
trophy, .1. Tech. Methods 32: 180-382, 3929. Case 3, 34 wk. m. 

89. Hedinger, 33rnst. 3’rimUre angeborene Herzliypcrtropliie AGrehow’s Ardi. f, 

path. Anat. 178: 204-278, 1904. 14 rao. m. 

90. Howland,^ .lolin. Idiopathic hypertropliy of the heart, in young cliildren. In 

Contributions to medical and biological research dedicated to Sir AVilliain 
0.sler, N. Y., Hoeber, 3939, v. 3, p. 582-599. Case 3, 2y, f.; case 2, 30 
mo. f.; ca.se .2, 4 m.; case 4, 30 mo. f.; case 5, 2 m. 

91. Kalb, I'jduard. IJeber einen Fall von idiopatlii.sclier Herzliypcrtropliie bci eincm 

0 Monate .'ilten Knaben, Munich thesis, 3900. 24 pp. ’ (! mo. 

92. .Scott, A. ,T. &- Zeilcr A. H. Congenita! cardiac Jivperlrophv Am. J. Pis. Child. 

33: 33-22, 3920. 5 wk. f. ‘‘ ^ ’ 

!hi. Sinirnonds, Af. Uchor congenitale priituirc Herzhvpertroriliie, Miinclien. med. 
AVclinschr, 40; 308-109, 3899, Newborn. 

94. ftjiraguc, H. B., Eland, E. F. & AA'liite, P. J), Congenita! hypertrophy of heart; 

case with unusual family history, Am, .1. Pis. Child. 41; 877-880, 1921. 
7 mo. f. 

95. Steiner. Morris & Bogin, Maxwell, Idiopathic cardiac enlargement associated 

with .status tliymicolyniphaticiis, Am. .T. Vis. Child. tiCI; 3255-3200 JO.'IO. 
2 mo. m. ’ 

4, Congenital rhahdarnyoma — 17 ca.ses 

Amcrsb.ic.h & Hundorn, Bin ICn)) von solitUreni I'lialidonivom des IJeiv.ens voni 
^ I«itliologi.s-ch-,'tnafomisclion fttandpunkt, 3'rankfurf. Ztschr. 

f. Path. 2o: 124-340, 3923. 7 day.s, m. 
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97. Berger, Loui.s & A'allce, Arthur. Les rliabfloTn.YOjne.s congeihtaiix du coeur, 

Ann. d'unat. paOi. 7: 797-Sn, 1930. 2 m. 

98. Barber, Sidney. Congenital rliabdomyonia of the heart. Am. .1. Path. 7 : 105- 

130, 1931.' 0 ino. f. 

99. *Hlava, . .Taroslav. Bhabdomyom leveho ardce, Sbornilc lehansky, 1880 or 1887. 

14 days. • ■ 

100. Knox, J. H. M. & Seliorer, E. H. A multiple rhabdomyoma of the heart 

muscle, Arch. Pediat. 23 : 561-567, 1906. 7 mo. 

101. Kolisko, A. Ueber congenitale Herzmyome, Med. .Tahrb. 2: 135-158, 1887. 

2 mo. m. 

102. von EecUingshausen. Ein Herz von einem Neugeborenen, welches mehrere 

theils nach aussen, theils nach den Hohlen prominirende Tumoren (ily- 
onien) trug, Terhandl. d. Gesellsch. f. Geburtsh. in Berlin 15 : 73, 1863, 
also Monatschr, f. Geburtsk. 20: 1, 1862. Newborn. 

103. Seiffert. Die congenitalen multiplen Bhabdomyome des Herzens, Beitr. z. 

path. Anat. u. z. allg. Path. 27: 145-172, 1900. IS mo. m. 

104. Steinbiss, IV. Zur Kenntnis der Bhabdomyome des Herzens und ihrer Bezie- 

hungen zur tuberosen Gehirnsklerose. Virchow ’s Arch. f. path. Anat. 243 : 
22-38, 1923. Case 1, 5 in.; case 2, 8 m. ; case 3, 10 ni. ; case 4, 16 m. ; case 
5, 21 f. ; case 6, 35 m. 

105. Uehlinger, Erwin. Ueber einen Fall von diffusem Bhabdomyom des Herzens, 

Virchow’s Arch. f. path. Anat. 258: 719-730, 1925. 20 m. 

106. Virchow, Budolf. Congenitale cavernose Myome des Herzens, Virchow’s Arch. 

f. path. Anat. 30: 468-471, 1864. Newboni m. 

107. IVolbach, S. B. Congenital rhabdomyoma of the heart; report of a case as- 

sociated with multiple nests of neuroglia tissue in the meninges of the 
spinal cord, J. Med. Besearch 16: 495-51.9, 1907. 10 mo. f. 

5. Congenital heart block — .? cases 

108. Abbott, JI. E. Congenital heart disease. In Nelson’s loose-leaf medicine. 

N. Y., Nelson, v. 4, p. 207-321, 1932. Ca.se p. 2-14 & 248, 20 m. 

109. Wilson, J. G. & Grant, B. T. A case of congenital malformation of the heart 

in an infant associated with partial heart block, Heart 12: 295-305, 1925- 
26. 14 mo. f. 

110. Yater, W. M. Congenital heart-block; review of literature; report of a case 

with incomplete heterotaxv; electrocardiogram in dextrocardia, Am. J. 
Dis. Child. 38: 112-136, 1929. IS days m. 


IV. ANOMALOUS SEPTA OR CHORDAE 
1. Anomalous septa 

a) In left auricle — 10 cases 

111. Borst, M. Ein cor triatriatum, A'erhandl. d. deutschen path. Ge.'ellsch. 9: 

178-192, 1905. 38 f. 

112. Church, W. S. Congenital malformation of the heart; abnormal septum in 

left auricle, Tr. Path. Soc. Bond. 19: 188-190, 1868. 38 f. 

113. Fowler, ,1. K. Membranous band in the loft auricle, Tr. Path. Soc. Lond. 33; 

77-78, 1882. 42 m. 

114. Griffith, T. W. Note on a second example of divi.sion of the cavity of the left 

auricle into two compartments by a fibrous band. J. Anat. & Phvsiol. 37 : 
255-257, 1902-03. 48 m. ’ 

115. Ho.'-'ch, P. H. Zur Lehre des Missbildungen des linken Vorhofs: I Ein Sehnen- 

faden im linken Vorhof; II Ein Herz mit linken Dopj)elvorhof, Frankfurt. 
Ztschr. f. Path. 1: 563-580, 1907. Case 2, 25 f. 

116. Palmer, G. A. Cardiac anomaly (so-called double left auricle) ; case. Am. 

Heart J. 6: 230-236, 1930-31.' 0 V 2 mo. m. 

117. Patten. B. M. & Taggnrt, W. B. Unusual type of triatrial heart. Arch. Patli. 

8: 894-905, 1929. 3 mo. f. 

118. Potter, Peter & Bansonie, S. W. A heart presenting a septum across the left 
• , ,, auricle, ,1. Anat. & Physiol. 39 : 69-73, 1904-05. Adult m, 

•■'Not verified. 
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1]9. Sfocbcr, Hans. Ein waitcrer Full %'on Cor triatriatum mit eigenurtig gekreuztor 
Jvliintlung dcr Lungcnvenen, Virchow’s Arch, f. path. Anat. 393: 252-257, 
1908. Newborn. 

120. William N. & AbrikoH.HofT, A, Ein Hcrz mil, linkoni Jloppelvorhof, Vircliow’.« 
Arcfi. f. path. Anat. 2(),3: 404-413, 1911. 31 f. 

b) In rifihi anridc — J cancii 

321. 'Mbllendorf, W. Ueber abnormc Erhaltimg dor .Sinusklappen ira recittcn Vorhof 

cines mon.sehlidicn Herzens, Anat, Anz, -10: 400-409, 1911-12. 

322, Moore, Norman. Case of steno.si.s of tlie tricuspid valve, St, Bartholomew's 

Hosp. Ecp. 17: 225-227, 1881. 10 m. 

123. . Variety in the .structure of the heart. Tr, Path. Soc- Lond. 34: 31-32, 

1883. .3.3 f. 

124. Sternberg, Carl. Cor triatJ'iaturn bir'entriculare, Vcrhandl. d. deut.schcn path. 

Ue.sell.sch. 10: 250-259, 1913. 2) f. 

e) In vcniriclcs — 3 emeu 

125. Dudzus, Max. Ein Boitrag zur Lehrc vom "dritten Ventrikel” im An.schluHS 

an cine kombinierte Hcrzrnis.sbildung mit drittem und akzessorisehem Ven- 
trikel, Virchow’s Arch. f. path, Anat. 242; 24-34, 3923. 10 wk. m. 

120. Mackenzie .Stephen. Two case.s of congenital m.'dformation of the heart, 
Tr. Patb. Soc. Lond. 31; 03-70, 1880. Ca.se 1, Wi f.; case 2, 39 f. 

2. Anomaloux chordae 

a) In Icfl auricle — 7 caeen 

127. Browicz, Ueber anomalie Sehenfiiden im Herzen und dcren c^'cntuclle Be- 

dcutung, Virchow’s Arch, f, path, Anat, 345: 049-052, 1890, 

128. Gritfith, Wardrop. Heart with a fibro-mu.scular band, .T. Anat, & Physiol, 30: 

vi-viii, 1895-90. 

129. Helwig, F, C. Pcr,«onal communication. vH f. 

330. Ho.scli, P. JI, vide 115, Ca.^c 3, 52 m. 

131, Klcine, H. O, Zur Morphologic dec Mis.sbildungen de.« linkem Vorhofs. HJliorda 

tendinea spuria atrii .‘•ini.drii, Virchow’s Arch. f. path. Anat. 207: 281- 
289, 1928. 84 f. 

132, .Sinibaldi, Uiulio. Alcune rare forme di conic tendinee aberranti, Anat. Anz. 

25: .398-404, 1904. 07 f. 

133, de Vecchi, Bindo. Una riirn forma di eorda tendinea aberr.'tnte, .Anat. Anz. 

20; 374-380, 1901. 04, 

b) In rif/hl auricle — .7 ccecti 

134, Chiari, II, Uc'ber Netzbildungen im recliten Vorhofe dc.s Herzens, Bcitr, z. 

patb, Anat, u, z. allg. Path. 22: MO, 3897. Case 1, 24 m. 

135, Ynler, W. M. Variation.s .and anom.'ilie.« of the vetioua valves of the right 

atrium of the human heart. Arch. Patii, 7: 418-441, 1929. Case 4, 05 L; 
case 5, 33 m. ; case 7, 09 m.; case 11, 40 iti, 

c) In vcniTicles — C erwes 

13*1. Cuffer. Dilatation du coeur gauche — insiitlisance mitrale — dispo.sitioa speciale 
de.“ cordage.s tendineux du coeur gauche, fcridu.s cn travera do 1 ’orifice 
aortique, ayant donttd lieu a quelques signe.s .stdflioscopique.s partieulier.s, 
Bull, Hoc. anat. de Paris 1; 244-247, J87<». 35 rn. 

137, Goforth, ,1, L, Unique heart .-inomalv; free fibrous cord passing througli three 
heart cliamber.s to the aorta, .L A. M. A. 80: 1012-1013, 1920, 23 f, 
l-’H. Ilarriilton, W, P. Aortic disease with anomaJou.s signs and aberrant chordae 
tendirieae, Montreal Med. .T. 28: .508-512, 189.9, 40 m. 

J.it). Huchard, Henri. Contribution a I’f-tude clinique de.s tendons aberrant.s du 
coeur, Jiov. do mod. 13: 113-122, 1893. 49 m. 

140, Miiync, Malformation of the chordae tendine.'iej congenital mu.sical bruit, 

Dublin Quart, .1. Med. .Sf;i. 49 : 490-497, 1870, 09 rn. 

141. Hurblcd, Georges. Des tendon.s aberrants du coeur, Pari.s thesis no, 490, 387.9. 

20 pp. 
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d) In aorta— S cases 

142. Arclier, E. S. Note on a congenital band slretcliiug acros.s the origin of the 

aorta, Dublin Quart. J. Med. kSei. 55: 405-400, 1878. 39 in. 

143. Christeller, E. & Focsa, P. Ueber eine Strangbildung im Aortenlumen, Beitr. 

z. path. Anat. u. z. allg. Path. 73: 173-181, 1924. 29 f. 

'144. Luchscli. Franz. Ueber einen querverlaufehden Btrnng in der Aorta ascendens, 
Centralbl. f. allg. Path. 23: l)26-(530, 1912. 76 ih. , 

145. Eohrle, Fr. Chorda tendinea congenita in Aorta, Deutsche ined. ^Vchnschr. 

22 : 270, 1896. 2 wk. 

146. ^Yeinstein, Sejinour. An anomalous band across the channel of the aorta at the 

level of the aortic leaflets, Tr. Chicago Path. Soc. 12: 277-279, 1927. 50 in. 


Y. defects of interauricular septum 


1. Patent foramen ovale — 40 cases 

147. Abbott, M. E. Two cases of widely patent foramen ovale, Bull. Int. Ass. 

Med. Museums 5: 129-134, 1915. Case 1, 26 f.; case 2, 38 f. 

.148. Amberg, Samuel & ^Yillius, F. A. Auricular flutter with congenital heart 
dhsease. Am. J. Dis. Child. 32: 99-104, 1926. o f. 

149. Bard, L. & Curtillet, J. De la phj-siologie pathologique de la maladie bleue; 

forme tardive de cette affection, Eev. de med. 9: 993-1017, 1889. 54 in. 

150. Beattie, W. lY. Paradoxical embolism associated with two types of patent 

foramen ovale. Bull. Int. Ass. Med. Museums 11 : 64-75, 1925. Case 1, 
30 f.; case 2, 49 m. 

151. Beriel. Apropos do perforations du septum interauriculaire, Eev. de med. 26: 

398-418, 1906. Case 1, 35 m. 

152. Bertlvel, H. F. Ein Fall von offenem Foramen ovale mit Persistenz der Vena 

cardinalis sini.stra und anderen Anomalien des Venensystems, IMunick thesis, 
1901. 27 pp. 20 m. 

. 153. Bonnabel, Jules. Contributions :i I’etude do quelqucs affection.s congenitales 
du coeur compatibles ai^ec I’existence et de leur pronostie, Pari.s thesis, 
no, 39, 1906. 182 pp. Case 1, 62 in.; case 2, 74 f.; case 3, 35 in. 

154. Cramer, A. & Frommel, E. Contribution a I’etude du retrecissement mitral 
congenital associe a I’insuffisance interauriculaire, Arcli. d. mal du coeur 
16: 561-569, 1923. 41 f. 

355. Dressier, liYilhelm & Rosier, Hugo. Vorhofseptumdefekt kombiniert mit 
Mitralstenosc und aurikularem Leborpuls, Ztschr. f. klin. !Med. 112: 421-436, 
1930. 30 f. 


150. 

, 157. 

158. 

159. 

160. 

161. 

162. 


Dufour, Henri & Huber. Presentation d’un coeur montrant une persi.stance 
du trou de Botal de dimensions considerables ayant evolue sans cyanose. 
Bull, et mem. Soc. mod. d. hop. de Paris 31: 510-511, 1911. 26 m. 

Foster, B. W. On patency of the foramen ovale, attended with cyanosis and 
a faint murmur synchronous with the first sound of the heart, Dublin Quart. 
J. Med. Sei. 36: 112-126, 1863. 2 f. 

Hadden, W. B. Patent foramen ovale in an adult, Tr. Path. Soc. Bond. 42: 
65, 1891. 60 f. 

Hicks, J. W. Heart with open foramen ovale ■without cj’anosis — thickening 
of the pulmonary valves, Tr. Path. Soc. Bond. 16: 91, *1865. 2% m. 

Johnson, George. A case of congenital cyanosis, in which a patent foramen 
ovale was associated with a presystolic basic murmur, Brit. Med. J. 1: 
333-334, 1878. 27 m. 

Bangeron, B. & Boheac, P. Sur un eas de retrecissement mitral avec per- 
sistance dn trou de Botal j realization d’une asystolie a type ventriculaire 
droit, Paris med. 69: 545-549, 1928. 54 f. 

Besieur, C., Froment, J. & Cremieu, E. Coexistence d’une communication 
interauriculaire et d’une anoniahe de la val-vule de Thebesius, essai d ’ex- 
plication par 1 ’embryologie, Arch. d. mal. du coeur. 3: 705-719 1910 
also Byon med. 116: 1047-1061, 1911. 58 f. ’ ’ 

Butembacher, E. De la stenose mitrale avec communication interauriculaire 
Ai-ch. d. mal. du coeur 9: 237-260, 1916. 61 f. ’ 


163. 

164 

165. Markham. AY. O. 


Mackey, Edward gi'anosis; murmur with the first sound of the heart- patent 
foramen ovale, Bnt. Med. J. 2: 666-667, 1871. 5 mo f ' parenr 

Markhara, .W. O. Open foramen ovale; loud systolic bruE; tuberculosis of 
the lungs, Tr. Path. Soc. Bond. 8: 142-149, 1857. 4 f. -’^rcuio.,is oi 
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166. Menetrier & WollT, Pereistancc du trou de Botal chez un Iioniine de cinquante 
ans, Bull, et mem. Soc. mdd. d. hop, dc Paris 41: 1080-108.3, .1917. Aist. 
Arch. d. mal. du coeur 11: 129, 1918. 50 ra. 

167 hlouls. Cyanose blanche chez une enfant de trois mois, Bev. mens, d, mal, de 
Pcnf. 6: 151-15.3, 1888. .3 mo. f, 

168. Ohm, J. Klini.sche Beobachlungcn bei offenem Foramen ovale - und ilirc di- 

agnostische Bedeutung, Ztschr, f, klin, Med. 61: 374-388, 3907. 16 m, 

169. Oliver, Thomas. Clinical and pathological bearings o£ malformation of the 

heart as seen in A) Patent foramen ovale; B) Imnerfect ventricular 
septum, Brit. Med. J. 1: 10-33, 1889, Ca.se 3, 25 f.; kse 2, 25 m. 

370, Peacock, T. B. He-opening of the foramen ovale. Tr, I’ath. See. Bond, 30: 
108-110, 1859. 24 f. 

171. . Largely open foramen ovale, without c3'ano.sis, Tr. I^atli. Soc, Bond. 

11: 68-70, 3860. 16 f. 

172. Pelicelli, M, Un caso di ampia apertura del foro di Jlotallo con la sindrome 

di un vizio mitralieo, Eiforma med. 45: 3.53-35.5, 3929, 52 f, 

173. Popper, Erwin, Isoliert Defekt der Vorhofscheidewand und seine klini.cehen 

Erscheinungen, IVien, klin. Wchnschr. 22: 502-564, 1909, 31 mo. 

174. Summons, W. H. Congenital heart malformations, Intercolon. Med. ,T. 

Au.stralasia 11: 65-7.3, 1900. Ca.se 5, 1 j'r, 11 mo. m. 

175. Thompson, Theodore & Evan.s, William. Paradoxical embolism. Quart. ,T. 

Med, 23: 135-150, 1929-30. 35 f. 

170. Thomson, J. & Drummond, W. B, Nine ca.ses of congenital heart disease, 

with a description of the lesions, Edinburgh Hosp. Eep. 0: 57-83, 3900, 
Case 3, 7 f. 

177. Tj’lecotc, F. E. Defects in tlie auricular septum, I^ancet 2: 821-822, 1903. 

Case 1, 43 f, 

178. Verse, Max, Ueber paradoxc Embolic, Vcrhandl. d. deutschen path, Gesellsch 

13: 215-217, 1909, Case 1, 70 f,; ca.se 2, 5.3 f. 

179. Zeidlor, Hugo, Drei Falle von kongcnitalem Defekt der Vorhofs.scheidewand, 

Deutsches Arch. f. klin. Med. 131: 8.5-108, 1920. Case 3, 26 m,; case 2, 
48 m, 

2. Defects auricular septum aVove — 10 cases 

380. Abbott, M, E, & Kaufmann, .Josepln Eeport of an unusual wise of congenital 
cardiac disease; defect of the upper imrt of the interauricular septum 
(persistent ostium secundum), with, for comparison, a report of a ca.^c of 
persistent ostium primum, J. Path. & Bact. 14: .52-5-535, 1910-11. Case 1, 
64 f. 

181. Carpenter, George. Case of congenita) morbus cordis; defect of the septum 

between the auricles, Proc. E03'. .Soc. Med, 2. T)t. 1, .Sect. Di.s. Child,: 
36-38, 1909, 0 mo. rn. 

182. Ellis, A. G. vide 36. Case 4, 32 f. 

183. Greenfield, W. S. A case of malformation of the heart with large defect in 

the interauricular septum ; patenc3' of the foramen ovale and .stenosis of the 
aortic orifice, J. Anat. & Pliy.siol. 24: 423-43.3, 1889-90. 53 m. 

184. Hepburn, David, Double superior vena cava, right pulmon.ar3' vein.s opening 

into the riglit auricle, and a special interauricular foramen, .B Anat, k 
Phy.siol. 21: 438-443, 1886-87. Adult m. 

185. Ingall.s, H. W. Vemr cava superior receiving two upper right pulmonar3' veins 

and opening into both atria, .Toiins Hopkins Ho.sp, Bull. 18: 136-138, 1907. 
Adult m. 

180. Monklitar, Akil k .Sedad. Barge communication interauriculairc avec anevri.mie 

de la pointe du coeur gauche. Bull, ct mem. .Soc. med, d. Imp, de P.aris 50: 
402-404, 1926. 33 f. 

187. Paltauf, E. TJeber einen scltenen Defekt in der Vorhofscheidewand, Verliandl. 

d, deutschen path. Ge.sellseh. 10: 249-2.52, 191.3, 5,3 f. 

188. WagstafTe, W. W, Two ca.ses of free communication Ijetwecn the auriclc.s, hy 

deficiency of the uppier part of the serjtum auricularum, Tr, Path. Soc. Ix^nd. 
19: 96-98, 1808. Case 1, -52 f,; case 2, 0. 

3. Defects auricular septum hcloic — IS cases 

189. Abholt, 3B E. vide 85. Case p, 759 {2nd ed, 191.5, p, 375; l.st ed. 1910, p. 

304), 5, 

190. . Xew acce.=.sionH in cardiac anomalies. B Pulmonar3- atresi-a of inflam- 

matorv' origin. IB Persistent ostium primum with ^fongolian idioev. Bull, 
Int, Ass. iled. Museums 10: 111-116, 1924. Case 2, 10 mo. 
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191. & Kaufmann, .Joseph, vide 180. Case 2, 35 m. 

192. Beriel. vide 151. Case 5, 33 m. 

193. Griffith, T. W. A case of almost complete absence of the auricular .septum 

and other cardiac malformations complicated by acquired mitral disease, 
Med. Chi’onicle (Manchester) 4: 385-399, 1902. 13 f. 

194. Halipre. Insuffisance ou retrecissement mitral coincidant avec un communica- 

tion interauriculaire et realisant un sjmdrome de maladie de Eoger (souffle 
sj'stolique sans cyanose), Bull. Acad, de raed., Paris 101: 478-481, 1929. 
18 m. 

195. Hawkins, H. P. Incomplete auricular septum with perfect closure of the 

foramen ovale, Tr. Path. Soe. Lond. 43: 37, 1892. 3 m. 

19G. Kilduffie, Robert, Jr. A ease of congenital absence of the lower half of the 
interauricular septum, Am. J. Med. Sci. 147 : 880-898, 1914. 18 f. 

197. Moore, Norman. Malformation of the heart, Tr. Path. Soc. Lond. 32: 39-41, 

1881. 17 f. 

198. Nicolaides, Constantin. Ueber Defecte des Septum atriorum cordis in Anschluss 

an die Besehreibung eines auf der medicini.schcn Tvlinilc zu Freiburg i. B. 
beobachteten Falles, Freiburg tliesis, 1887. 57 pp. 24 m. 

199. Peacock, T. B. Malformation of the heart consisting in an imperfection of 

the auricular and ventricular septa, Tr. Path. Soc. Lond. 1 : Gl-62, 1848. 
11 f. 

200. . Malformation of the heart; large aperture in the septum of the auricles; 

with the foramen ovale closed, Tr. Path. Soe. Lond. 29: 43-47, 1878. 10 f. 

201. Piper, R. K. & Irvine-Jones, Edith. Arachnodactylia and its association with 

congenital heart disease, Am. J. Bis. Child. 31 : 832-839, 192(5. 21 mo. f. 

202. Eeineboth. Die Entstehung des Venenpulses bei Communication der Vorhfife 

und gleichzeitigcr Lisufficienz der Mitralis, Deutsche med. Wclmschr. 21: 
870, 1895. 46 m. 

203. Soldner, Felix. Missbildungen der Vorhofscheidewand des Herzens, Ostium 

primum persistens, Munich thesis, 1.904. 84 pp. 30 m. 

204. Sternberg, Carl. Umfangreicher Defekt im Septum atriorum mit Spaltung 

des Aortenzipfels der jSOtralklappe, Verhandl. d. deutschen path. Gesellsch. 
16: 253-256, 1913. 16 m. 

205. Tylecote, F. E. vide 177. Case 2, 39 f. 

206. Zeidler, Hugo, vide 179. Case 3, 8 mo. f. 

4. Multiple defects, auricular sejdum — 5 cases 

207. Ebbinghaus, H. Zur Kasuistik der kongenitalen Herzfohler und deren nuig- 

lichen Folgen, Miinchen. med. Wchnschr. 51: 797-801, 1904. 52 m. 

208. Kelly, Charles. Malformation of the heart, Tr. Path. Soc. Lond. 21 : 89-90, 

1870. 48 f. 

209. McGill Museum, 47 m. 

210. Villaret, Maurice, Chauveau, J. Bariety, M. Communications interauriculaires 

multiples (pprsistanee du trou de Botal; etat ''grillage" de la cloison 
interauriculaire), s’etant traduites cliniquement par un souffle systolique 
du 3e espace intercostal gauche, Bull, et mem. Soe. raed. d. hop "de Paris 
50:460-464,1926, 28 f. 

211. Welch, J. E. Patent foramen ovale, Proc. New York Path. Soc. 3: 181-185 

1903. 16 m. 


5. Fremature closure foramen ovale — 3 cases 

212. Lehman, Edward. • Congenital atre.sia of foramen ovale: report of a ca«e 

classification, and comment on function. Am. J. Dis.' Child 33- 585-589’ 
1927. 32 hr. m. ’ ’ 

213. Osier, William. Cases of cardiac abnormalities, Montreal General Hosu. Ren. 

1: 177-192, 1880. Case 1, 8 mo. fetus m. 

214. Smith, Ebenezer Premature occlusion of the foramen ovale; large pulmonaiw 

contracted left heart, Tr. Path. Soc. Lond. 1: 52-55 
, lo48, 21 111*. ^ 


VI. DEFECTS OF INTERVENTRICULAR SEPTIBI 
1. At lose without dextroposition — 50 cases 


21o. Abbott, M. E On the incidence of bacterial inflammatorv 
defects and on malformed semilunar cuso<. 
189-218, 1925-26. Case 2 33 m. 


processes 
Ann. Clin. 


in cardio- 
Med. 4 : 
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<’!(). Bennett, J. It. Perforation of tlie ventricular septum of tlie liciirt, Tr. Patli. 
Soc. Bond. 1: 59-60, 1848. 19 m. 

217. Black, D. D. Two cases of cardiac malformation; more c.spcci.'illy of tlie in- 

fundibular region, .T. Anat. & Pliysiol. 48: 274-279, 191.8-14. Case 2, 6 
mo. m. 

218. Cabot. R. C. Case records of tlie Massaclmsetts Genero.l Hospital no. ],545I, 

Hew England ,T. Med. 201: 94.5-948, 1929. 414 f. 

219. Callender, G. W. Perforation of the septum ventriculorum; clots in some of 

tlie pulmonary arterie.s, undergoing various cliange.s, Tr, Path. >Soc. Bond. 
9: 91-95, 1858. Adult m. 

220. Carey, H. W. Two instances of defective interventricular septum of heart, 

Am. J. Med. .Sci. 164: 684-690, 1922. Case 2, 37 f. 

221. Carpenter. George. Specimen of congenital morbus coidis, Rep. Soc. Study 

Dis. Child. 6: 241-242, 1906. 2i/, f. 

222. Chaffev, W. C. Congenitally malformed heart with persistent left duct of 

Cuvier, Tr. Path. Soc. Bond. 36: 175-176, 1885. 10 wk. f, 

223. Coupland, Sidney. Defect in the ventricular septum of the heart, probably 

congenital; unusual site of aperture, Tr. Path. Soc. Bond. 30: 266-271, 1879. 
40 m. 

224. Crawford, B. B. & Weiss, E. nV7e 88. Case 1, 49 f. 

225. Dupre, Ernest. Communication congcnitalc dc.s deux coeurs, par inocculsion 

du septum interventriculaire. Bull, Soc, anal, do Paris 66: 404-409, 1891. 
m. [Appears twice on chart.] 

226. Falconer, F. M. A case of perforate inter-ventricular septum ditferentiated 

from pulmonary sleno.si.s, Med. & Surg. Yrbk. Ho.sp. of Plattsburg 1: 127- 
130, 1929. 14 f. 

227. Gordon, William. Perforate septum ventriculorum with infective endocarditis 

of the pulmonary valves, Brit. Med, J. 2: 1174-1177, 1897. 5 m. 

228. Gutzeit, Kurt. Ein Beitrag zur Frage dcr IT — ' • ;n Hand cines 

Falles von kongcnitaler Defektbildung i ■ ' elseptum und 

von glciehzeitigem Defekt in dem diesem Septumdefekt anliegenden 
Klappcnzipfcl dcr Valvula tricuspidalis, Virchow’s Arch, f, path. Anat. 
237 : 355-372, 1922. 26 f. 

229. Hadden, W. B. A case of congenital cardiac disease, Tr. Path. Soc. Bond. 33: 

50-52, 1882. 4 mo. f. 

230. Hare, C, .B Aperture in the septum ventriculorum, partly closed by one cur- 

tain of the tricuspid valve, Tr. Path. Soc. Bond. 1: 207-208, 1848. 5 mo. f. 

381. . Aperture in the septum ventriculorum, with malformation of the aortic 

valves, and imperfect closure of the foramen ovale, Tr, Path. Soc. Bond. 1: 
208-210, 1848. 14 mo. m. 

2,t2. Hart, Carl. Uobor die Defekt im oberen Teile dcr lvammer.''cheidewand des 
Herzens mit Beriicksichtigung der Perforation des hautigen Septums, 
Virchow's Arch. f. patli. Anat. 181: 51-100, 1905, Case 6, 19 m. 

Hebb, R. G. Defect of cardiac .septum (interventricular) ; eongenital Iioart 
disease, Tr. Path. Soc. Bond. 41: .57-58, 1890. 5 mo. f. 

“84. , Heart witli congenital defects and inflammatory di.sea.se, Tr. Path, 

Soc. Bond. 48: 41-42, 1897, 18 f. 

2-<5. Hillicr, Thomas, ^ Congenital malformation of the heart; perforation of the 
septum ventriculorum, establishing a communication between the left 
ventricle and the right auricle, Tr. Patli. Soc. Bond. 10: 110-111, 1859. 
21/, f. 

2.,0. . Communication between the ventricles of the heart; tubercular perito- 
nitis and ulceration of bowels, Tr. Pjith. Soc. Bond. 12: 76-77, 1861. 14 

mo, m. 

237. Horder, T. ,B Infective endocarditi.s. Quart. J. Med. 2: 289-32-4, 1908-09. 
Ca.se 1, 31 m.; ease 3, 7 m. 

2.!8. .Tenner, William. Heart exhibiting an aperture through the .septum of the 
ventricles, Tr. Path. Soc. Bond. 2: 37, 1850. 18 m. 

239. Kelly, Charles. Malformed heart; defective septum ventriculorum. Tr. P,ath. 

Soc. Bond. 22: 95, 1871. 6 f, 

240. Baubry, Charles & Pezzi, C. Tr.aite de.s maladies congenitalcs du coeur, Paris, 

Bailliere, 1921. xv, 335 pp. Case tj- 130-131, 19 rn. 

241. McGill Mu.‘-eum. 42 m. 

242. Mclnto.sli, C. A. Chronic endocarditis associated udth defects of septum 

ventriculorum, .Ann. Clin, Med, 4; 748-754, 1925-26. 44 f. 



BAUER AUD ASTBURY : BIBLIOGRAPHY OP 1,000 CASES 


699 


243. Mackenzie. H. W. G. Congenital disease of the heart with right-sided endo- 

carditis, Tr. Path. Soc. Lond. 41: 58-o9, 1890. 21. in. ^ -r, 4.1 a 

244. kloney, Angel. Aneurysm of heart; cerebral tumour; idiocy, Tr. Patli. hoc. 

Lond. 38: 97-99, 1887. 5 f. c. 

245. Morestin, H. Anomalies multiples chez iin foetus a terme, Bull. boc. anat. 

de Paris 72: 857-858, 1897. fetus f. , 4, • 

246. Moschcoivitz, Eli. Vegetative endocarditis of the pulmonary valve; tluombosis 

of one of the branches of the right pulmonary artery ; embolus of the left 
pulmonary artery; patent ventricular septum, Proc. ISTew York Path. Soc. 

. 14: 18-21, 1914. 29 f. 

247. Muller, Hermann. Zur Klinik und pathologischen Anatomic des unkompli- 

zierten offenen Septum ventriculorum, Deutsches Arch. f. klin. Med. 133: 
316-331, 1920. Case 1, 6 mo. m.; case 2, 11 mo. f.; case 3, 6 mo. f.; case 
5, 18 f.'; case 6, 39 f.; case 7, IS f.; case 8, 8 f.; case 9, 35 m. 

248. Pritchard, Eric. A specimen of congenital malformation of the heart, Pep., 

Soc. Study Dis. Child. 4: 93, 3904.' 4 mo. m. 

249. Eolleston, H. D. Communication between the ventricles of the heart, congen- 

ital, Tr. Path. Soc. Lond. 42: 65-67, 1891. 11 in. 

250. Tate, W. W. H. Case of malformation of the heart, Tr. Path. Soc. Lond. 43 : 

36, 1892. 22 ra. 

251. Thomson, John. On two cases of valvular heart disease, resulting from foetal 

endocarditis, Edinburgh Hosp. Rep. 2: 292-297, 1894. Case 1, 20 mo. m. 

252. Tirard, Nestor. Malformation of the heart, Tr. Patli. Soc. Lond. 32: 41, 1883. 

5 mo. f. 

253. Tuckwell & Harris. A ease of ulcerative endocarditis in a child, affecting the 

pulmonary valves, nith certain congenital defects in the heart. Lancet 1; 
516-518, 1885. 4 m. 

254. Weinstein, Seymour. Congenital perforate interventricular . septum of heart 

accompanied by shortened median tricuspid leaflet and dilated pulmonary 
artery with two cusps, Tr. Chicago Path. Soc. 12: 279-282, 1927. 6 mo. 

255. Whitley, *G. Disease of the pulmonary artery and its valves. Guv’s Hosp. 

Rep. 3: 252-260, 1857. Case 2, 36 f. 


2. Defects elsetohere or mnltiple — 5 cases 

256. Bennetz, Ernst. IJeber zwci P'alle von angeborenem Herzfehler mit Septumde- 

fect, Freiburg thesis, 1895. 37 pp. Case 2, 4 mo, f. 

257. Duckworth, Dyce. Notes of a case in which there was a small aperture in the 

septum ventriculorum near the apex of the heart, J. Anat. & Physiol. 11: 
183, 1876-77. Stillborn m. 

258. Muller, Hermann, vide 247. Case 4, 1% m. 

259. Weiss, Edward. Congenital ventricular septal defect in a man aged seventy- 

nine, Arch. Int. Med. 39: 705.-709, 1927. 79 m. 

260. Wilbouschewitch. Communication des ventricules du cocur sans cyanose. Di- 

latation des arteres pulmonaires. EndartCwite pulmonaire. Bull. Soc anat 
de Paris 66: 50-53, 1891. 25 f. 


' 3. Aneurysms of pars memjjranacea — 7 cases 

261. Brooks, ^^Harlow^^ Malformation of the heart. Proc. New York Path. Soc 

262. Cannell, D. E. Congenital aneurysm of the interventricular septum Am. J 

Path. 6: 477-484, 1930. Case 1, 24 m.; case 2, 60 m. ’ 

263. Curtin, R. G. A ca.se of interventricular aneurv.<?m opening into the righi 

ventricle by ulcerative process, and aneurysm of the abdominal aorta witl 
autopsj'', Philadelphia Ho.sp. Rep. 5: 37-38, 3902. 53 m. ’ 

204. Hare,_ C. J. Malformation of the septum ventriculorum from a patient whe 
,died of diphtheria, Tr. Path. Soc. Lond. 16: 80-81, 1865. 24 m. 

4.60. Irvine, J. P. Defective muscular development of the cardiac ventricular sep- 
tum; consequent septal aneurysm; displacement of an aortic valve bv thh 

9cr vr ^9= ^7-49, 1878. 50 m. ' 

266, McGill Museum. 41 m. 


WI. COMPLETE DEFECTS OP GiVRDLtC SEPTA 
1. Cor triloculare biventriculare — 5 cases 
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268. Probyn.- Williams, B. J. Unusual malformation of the heart, J. Anat. & Physiol. 

28: 305-308, 1893-94, also Tr. Obst. Soc. Lond, 36: 3-4, 1895., also Am, 
Gyn. & Obst. J. 5: 400, 1894. 1 mo. 

269. Eatner, Bret, Abbott, M. E. & Beattie, W. W. Eare cardiac anomaly; cor 

triloculare biventriculare in mirror-picture dextrocardia with persistent 
omphalo-mesenteric bay, right aortic arch and pulmonary artery forming 
' descending aorta. Am. J. Bis. Child. 22: 508-515, 1921. 17 days f. 

270. Wold, M. G. Unusual case of congenital cardiac defect (cor triloculare) 

associated with transposition of pulmonary artery and arch of aorta J. 
Lab. & Clin. Med. 10 : 812-816, 1925. 7 mo. f. 

271. Zadoc-Kahn, L. & Cousin, J. Sur un cas de malformation cardiaque congen- 

itale; absence de cloison inferauriculaire; diverticule borgne de la cloison 
interventriculaire, Bull, et mem. Soc. med. d. hop. de Paris, 49: 1446-1449, 
1925, 31 m. 

2. Cor triloculare hiatriatmn — IS cases 

272. Ball, E. P. Cor biatria triloculare with transposition of arteries; case re- 

port with necropsy findings. Am. J. Dis. Child. 32: 84-88, 1926. 2% m. 

273. Clarke, Ernest. Malformation of heart, Tr. Path. Soc. Lond. 36: 178, 1885. 

10 wk. 

274. Hale, E. J. Case of a heart with a single ventricle, with observations on the 

production of cyanosis, Tr. Path. Soc. Lond. 4: 87-94, 1853. 19 wk. m. 

275. Holmes, A. P. Case of malformation of the heart, Tr. Med.-Chir. Soc. Edin- 

burgh 1: 252-259, 1824, also Montreal Med. J. 30: 522-533, 1901 [repub- 
lished by Abbott]. 23 m. 

276. McCrea, E. P. W. A case of cor triloculare biatria, Lancet 1: 1077, 1927. 10 

wk. f. 

277. Mann, J. D. Cor triloculare biatriatum, Brit. Med. .T. 1: 614-616, 1907. 35 m. 

278. Marchand, P. Eine seltene Missbildung des Herzens eines Erwachsenen 

(Transposition der grossen Arterien bei rudimentiirem rechten Ventrikel), 
Verhandl. d. deutschen path. Gesellsch. 12; 174-187, 1908. 21 m. 

279. Mills, E, S. Cor triloculare biatriatum with coarctation of the aorta and 

anomaly of the coronary arteries, J. Med. Eesearch 44: 257-262, 1923-24. 
Infant. 

280. Peacock, T. B. Case of malformation of the heart, botli auricles opening into 

the left ventricle, and transposition of the aorta and pulmonary artery, 
Tr. Path. Soc. Lond. 6: 117-119, 1855. 8 mo. m. 

281. Eobertson, J. I. Congenital abnormality of the heart; a case of cor triloculare 

biatriatum, Lancet 1 : 872-875, 1911. 9 wk. 

282. Saenger, Alfred. Ueber einen Pall von Endocarditis ulcerosa in einem con- 

genitalen missbildeten Herzen mit Bemerkungen fiber Endocarditis, Deutsche 
med. Wclinschr, 15: 148-149, 1889. 24 f. 

283. Summons, W. H. vide 174. Case 8, 2% f. 

284. Young, A. H. & Eobinson, Arthur. Some malformations of the human heart, 

Med. Chronicle (Manchester) 47: 96-106, 1907-08. Case 4, 20 mo. m. 

3. Cor iilociilare — 9 cases 

285. Abbott, M. E. & Weiss, Edward. Diagnosis of congenital cardiac disease. In 

Blumer’s bedside diagnosis. Phila., Saunders, 1928. v. 2, pp. 353-514. Obs. 
15, 81/^ mo. m. 

286. Parre, J. E. On malformations of the human heart. Lond., Longman, 1814. 

XV, 46 pp. Case 1, 78 hr. m. 

287. Porster, J. C. A heart consisting of only two cavities, Tr. Path. Soc. Lond. 

1: 48-49, 1848. 78 hr. m. 

288. Hastings, W. S. Cor biloculare with atresia of the aorta, J. Tech. Methods 

12: 194-198, 1929. 6 days f. 

289. Krausse, O. Ein Beitrag zur Lehre von den kongcnitalcn Herzfchlem und 

ihrer Koinzidenz mit andern Missbildungen, Jahrb. f. Kindcrh. 62: 43-49, 
1905. 14 days m. 

290. Eamsbotham, P. H. The heart of an infant consisting of onlv one auricle and 

ventricle, Tr. Path. Soc. Lond. 1 : 48, 1848. 10 days. 

291. ^Bo senthal. Munich thesis, 1898. Newborn f. 


'Not verified. 
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292. Kuclolf, D. A case of cor biloculave, J. Aiiat. Physiol. 34; xvii-xx, 1899- 

1900. 16 f. ' ' 

293. Wood, R. H. & Williams, G. A. Primitive human hearts; cor ^‘biloculare” 

and triloculare, Am. .T. Med. Sei. 17.1: 212-255, 1928. 15 f. 

4. Incomplete dovVlc heart — 10 cases 

294. Cassel. Ueber Missbildungen am Herzen und an deii Augen beim Mongolismus 

der Kinder, Berlin. Win. Wclmschr. 54: 159-162, 1917. 3 mo. m. 

295. Bublizhaja, Olga. Zur Casuistik der Befekte der Scheidewand des Herzens, 

Zurich thesis, 1906. 50 Case 1, 3% m.; case 2, 2 mo. 

296. Gunn, P. D. & Dieckmann, ,T. M. vkle 267. Case 1, 1 f. 

297. Planehu & Gardere. Un cas de cyanose congenitale avee malformations 

cardiaques multiples. Arch, de m6d. d’enf. 12: 201-208, 1909. 2% mo. m. 

298. Robson, G. M. Congenital heart disease; a persistent ostium atrioventriculare 

commune with septal defects in a Mongolian idiot. Am. J. Path. 7: 229-236, 
1931. 4% f. 

299. Shattock, S. G. Malformation of the heart in a child at full term, Tr. Path. 

Soc. Bond. 35: 124-127, 1884. 

300. Sjunington. On a specimen of a heart with incomplete interauricular and 

interventricular septa, one auriculoventricular opening (left) and a single 
arterial orifice (aortic), J. Anat. & Physiol. 34: xiv-xvii, 1899-1900. 3 m. 

301. Turner, P. C. Malformed heart with an undivided auriculoventricular aperture, 

and a left superior vena cava, Tr. Path. Soc. Loud. 43: 30-31, 1892. 14 mo. 

302. Wright, J. A. & Drake, A. K. A case of extreme malformation of the heart, 

Tr. Ass. Am. Physicians 18: 272-274, 1903. lOVa mo. m. 


Vra. DEFECTS OF AORTIC SEPTUM 


1. Persistent truncus (complete defect) — 21 cases 


303. Abbott, M. E. vide 108. 2 cases v. 4, pp. 280-281, 23/;, mo., 5. 

304. Buchanan, George. Malformation of heart. Undivided truncus arteriosus. 

Heart otherwise double, Tr. Path. Soc. Bond. 15: 89-91, 1864. mo. f. 

305. Crisp, Edward. Malformation of the heart consisting in an imperfect separation 

of the two ventricles, with absence of the pulmonary artery, Tr. Path. Soc. 
Bond. 1: 50-51, 1848. 12 f. 

306. Dickson, W. E. C. & Eraser, John. A congenital abnormality of the heart and 

blood vessels, J. Anat. & Physiol. 48: 210-214, 1913-14. 4 mo. m. 

307. Feller, A. Zur Kenntnis der angeborenen Herzkrankheiten ; Trunkus arteriosus 

communis persistens und seine formale Entstehung, Virchow’s Arch. f. path. 
Anat. 279: 869-910, 1930-31. Case 1, 2 days f.; case 4, 2^4 mo. f. 

308. Pinley, K. H. A congenital anomaly (truncus arteriosus communis with sub- 

acute endocarditis), Am. J. Path. 6: 317-324, 1930. 22 f. 

309. Green, T. H. Malformation of heart; absence of pulmonary artery; aorta 

springing from right ventricle; incomplete septum ventriculorum ; patent 
foramen ovale, Tr. Path. Soc. Bond. 19: 188, 1868. 3 mo. m. 

310. Hand, Alfred. Report of a case of congenital heart disease — defect of the 

ventricular septum and absence of the pulmonary arteiy — svmptoms of 
angina pectoris, Arch. Pediat. 26: 368-371, 1909. 3 m. 

311. Peacock, T. B. & Reed, W. C. Malformation of the heart; absence of pulmonarv 

artery, Tr, Path. Soc. Bond. 31: 91-92, 1880. 13 mo. m. 

312. Pezzi, C. & Agostoni, G. Considerations cliniques anatomiques et radiologiques 

a propos d’un cas de maladie congenitale du coeur controlee a I’autopsie: 
persistance du tronc arteriel eoramun, Arch. d. mal. du coeur 21; 19-29, 
1928. 17 m. . 


31.,. PoAver, Henry & Heath, Christopher. Case of opening in septum ventriculorum 
pulmonary arteiy and aorta given off from the heart as one trunk, Tr. Path 
Soc. Bond. 16; 62-63, 1865. 24 m, 

ol4. Prisz, H. Beitrage zur Behre von den angeborenen Herzanomalien. Beitr 
z. path. Anat. u. z. allg. Path. 7; 245-298, 1890. 9 hr. f. 

315. Richardiere & Huber. Inocclusion de la cloison interventriculaire aA’ec absenc( 

d’artere pulmonaire. Bull. Soc. pediat. de Paris 14: 29-31, 1912. 15 mo. f 

316. von Rokitansky, C. P. Ueber einige der Avichtigsten Kranlcheiten der Arterien 

] \ \ ■““'1 Staatsdruckerei, 1 852. 72 pp. Repr. from Denkschr 

a. K. Akad. d. Wissensch. 4. Case 4, neAA'born. 
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317. Shai)irO; P. P. Petorsion defect.*) in coiigciiitnl cardiac anoinalie.s, Arcli. Path. 

9: 54-08, 1930. Case 1, 14 mo. m. 

318. Theremin, Pmile. Etudes sur las affection.s congenitale.s dti coeur. Pari.s, 

Asselin & Houzeau, 1895. viii, 102 pp. Obs. 90, 4 m. ; obs. 97, 4. 

319. Wirth, Ainandus, Ein Pall von totalcr Per.sistenz de.s Truneus arteriosus com- 

munis, Giessen tliesi.s, 1912. 32 pp, 1 hr. in. 

320. Zimmerman, H. M, Congenital anonial 3 ' of iieart; tioincus arterio-sus com- 

munis, Am. J. Path. 3: G17-G22, 1927. 25 m. 

2. Communication hciween aorta and pulmmary artery — 10 cases 

321. Baginskj', B. Berlin, klin. Wclmschr. 10: 439, 1879, 4 m. 

322. Caesar, Julias. Case of malformation of heart and ab.‘<ce.s,s of brain; unusual 

contents. Lancet 2: 708, 1880. 9 m. 

323. Elliotson. Case of malformation of the jiulmonarv artery and aorta, Lancet 

1; 247-248, 1830-33. '‘Young” f. 

324. Fisher, Theodore, A .specimen of congenital heart disease showing vegefation.s 

of the pulmonarj’ and aortic valves, Pep, Brit, Soc, .Study Bis. Child. 2: 
15.5-150, 1901-02. 4 mo, f. 

325. Praentzel, O. Ein Fall von abnormer Communication der Aorta mit der 

Artcria pulmonalis, Virchow ’.s Arch. f. path, Anat, 43: 420-42(3, 1808. 25 m, 

326. Gerhardt, Carl. Lchrbuch der Kinderkrankheitcn; 4th ed, Tubingen, Laiipp, 

1881. 785 pp. Case p. 249, 5 mo. f. 

327. Girard, Ernst. Ueber einen Fall von congenitaler Communication zwi.schen 

Aorta und Arteria pulraonali.s, Zurich thesis, 3895. 29 pp, 37 m. 

328. Hektoen, Ludvig, Pare cardiac anomalic.s; congenital aortico-pulmonary com- 

munication between the aorta and the left- ventricle under a' semilunar 
valve, Tr. Chicago Path, Soc. 4: 97-11,3, 3902.' Case 1, infant m, 

329. Moorhead, T. G. & Smith, E. C. Congenital cardiac anomaly — Jibnormal open- 

ing between aorta and pulmonary' arterv, Iri.sh J. Med, Sci, 1: .545-549, 
1922-23. 48 m. 

330. Wilks, Samuel. Communication between the pulmonary artery and aorta, Tr, 

Path. Soc. Lend, 11: .57-58, 1800. 8 mo. f. 

3. Congenital aneurysm of right aortic sinus — ca.scs 

331. Abbott, M. E. Clinical and developmental .study' of a case of ruptured 

aneurysm of the right anterior aortic .sinus of Val.salvfi, In ContribiAions 
to medical and biological research, dedicated to Sir William Osier. E. Y., 
Hoeber, 1919. v. 2, 899-914, 30 m. 

332. Beck, T. S. Ca.se of aneurism of the ascending aorta, bursting into the right 

ventricle: with a communication between tlie two ventricle.s, Med.-Cbir, Tr. 
(Bond.) 25: 15-20, 1842. 31 m. 

333. Charteris. A'otes of a case of congenital m-alfcrmation of the heart; opening 

between aortic valve and right ventricle, Med. Press 35: 3.54, 1883. 53 in. 

334. Goehring, Carl, Congenital aneurv.sm of tlic aortic sinus of Valsalva, .1. Med. 

Pcsearch 42; 49-59, 1920-21. 20 m. 

335. Hart, _Karl. Ueber das Aneury.*.ina des rechlcn Sinus Valsalvae der Aorta und 

seine Beziehungen zum oberen Ventrikelsepturn, Vircho'vls' Arch, f- path. 
Anat. 182: 107-178, 1905, Case 1, 41 m.; case .3, 23 m. 

330. Jacobi, Mendel & Heinrich, Abraham. Congenital aorticoi'entrieular fistula 
with engrafted acute suppuiativc endocarditis. Am. J. Med. Sci. 180: 
304-372, 1933, 1% m. 

337, Kraus, Fr, Ueber wahres Aneurysma des Sinus Valsalvae aortae dexter, Berlin. 

klin. Wclmschr. .39: 1101-1104, 1902, 27 m. 

3.38. von Krzywicki, C. Das Septum menibranaceum ventriculorum cordis, sein 
Vcrhaltniss zum Sinus Valsalvae dexter Aortae und die aneurv-sraatischen 
Veranderungem. beider, Beitr. z, path. Anal. u. z. allg. Path. 0: 403-484, 
1889. Case 4, 20 f. 

339. Eickards, Edwin. Six cardiac and va.scular case.s, Brit. Med, J. 2: 71-72, 1881. 

Case 2, 30 m. 

340. Tliumam, John. On aneuriKm.s, and especially' spontaneous varicose aneurisms 

of the ascending aorta, and sinuse.s of Valsalva, Afed.-Gliir. Tr. (Lond.) 2.1: 
323-.384, 1840. Case 7, 33 m. 

,341. White, W, H, A ease of patent ventricular septum, together with an aneurysm 
of the base of tlie aorta opening into the right ventricle, Tr, Path. Soc. 
Loud. 43; 34-30, 1892. 1.5 in. 
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IX. TR.ANSPOSITION OP ARTERIAL TRUNKS 

1. Dextroposition of aorta 

a) Aorta from left ventricle, ventricular septum entire — 1 ease 

342. McGill Museum. 39 f. 

b) Aorta f rom hoth ventricles — 7 cases 

343. Abbott, M. E. vide 215. Case 1, 33 ni. 

344. Baumgartner, E. A. & Abbott, M. E. Interventricular septal defect uuth 

dextroposition, of aorta and dilatation of the pulmonary artery ('^Eis^n- 
menger complex”) terminating by cerebral abscess, Am. J. Med. Sci. 177: 
639-708, 1929. 20 m. . ‘ 

345. Dalrymple, John. Diseased heart, in which the root of the aorta had an open- 

big common to the two ventricles, Tr. Path. Soc. Lond. 1: 58-59, 1848. 25 f. 

346. Eisenmenger, Victor. Die angeborenen Defecte der Kammerscheidewand des 

Herzens, Ztsehr. f. klin. Med. (Supp.) 32: 1-28, 1897. 32 m. 

347. Kurtz, 0. M,, Sprague, H. B. & Wliite, P. D. Congenital heart disease. Am. 

Heart J. 3: 77-90, 1927-28. Case 2, 14 f. 

348. McGill Museum. 15 mo. f. 

349. Schramm, H. G. Schwere Herzmissbildungen bei iilteren Individuen, Beitr. z. 

path. Anat. u. z. allg. Path. 82: 152-162, 1929. 48. 

c) Aorta from right ventricle — S cases 

350. Summons, "W. H. vide 174. Case 9, 13 wk.; case 10, 1. 

351. Variot, G. Sur I’independance des malformations congdnitales du coeur et do 

la cyanose, J. de clin. et de therap. inf. 5: 381-386, 1897. 13 mo. m. 

d) Aorta from- right ventricle, double eoims — 1 case 

352. Spitzer, Alexander. TJeber den Bauplan des normalen und mis.sbildeten Herzens, 

Virchow's Arch. f. path. Anat. 243: 253-261, 1923. Case 10, newborn f. 

2. Comidete transposition 

a) Closed ventricular septum — 32 cases 

353. Abbott, M. E. & Dawson, IV, T. Tlie clinical classification of congenital cardiac 

disease, Internat. Clin. 4: 156-188, Dec., 1924. Case p. 181, 7 days f. 

354. von Bokay, Zoltan. Heber Transposition der grossen Schlagadern des Herzens, 

Arch. f. Kinderh. 55: 321-328, 1911. 9 mo. 

355. Cockle, John. A ease of transposition of the great vessels of the heart. Med.- 

Cliir, Tr. (Lond.) 46: 193-205, 1863. 2%. 

356. Doming, J. A case of transposition of the aorta and pulmonary artery, with 

patent foramen ovale; death at ten years of age, Tr. Am. Pediat. Soc. 2: 
46-50, 1890. 10 m. 

357. Ellis, A. G. vide 36. Case 2, 34 days m. Also Am. J. Obst. 52: 847-858, 1905. 

358. Emanuel, .1. G. Three specimens of congenital deformity of the heart, Eep. 

Soc. Study Dis. Child. 6; 240-241, 1906. Case 2, 11 m*. 

359. , Preudenthal, Poul. Ein Fall von Transpositio aortae et a. pulmonalis (Typus 

Illb Spitzer), Virchow's Arch. f. path., Anat. 266: 641-646, 1927-28 9 days 

m. 

360. .Johnson, C. P. Cyanosis, produced by transposition of the orifices of the aorta 

and pulraonar}' artery. Am. J. Med. Sci. 20: 370-374, 1850. 2 mo. m. 

361. Kato, Katsuji. Congenital transposition of cardiac vessels, Am. J. Dis. Child. 

39: 363-385, 1930. Case 2, 2 mo. m. ; case 4, 3 wk. m. ; case 5, 11 days m. 

362. Kelly, Charles. Malformation of the heart; transposition of the great vessels; 

cyanosis, Tr. Path. Soc. Lond. 22 : 92-94, 1871. 3 mo. 

363. Maegregor, A. B. Cases of congenital cardiac defect in children, Edinburgh 

Med. J. 32: 72-75, 192.5. 4 wk. f. 

364. Meyer, Hermann. TJeber die Transposition deraus dem' Herzen hervortretenden 

grossen Arterienstamme, Virchow’s Arch. f. path. Anat. 12: 364-385, 1857. 
4 wk. 

365. Moore, E.. A. Transposition of great arterial trunks, J. Tech. Methods 12- 384- 

. ^ 186, 1929. 17 days-f. 

366. Opperman, Ernst. Zwei seltene anomalien der grossen Gefassslammc Kiel 

thesis, 1886. 21 pp. 5 wk. m. ’ ^ 

367. Owen, S. A. & Kingsbury, A. N.: Diagno.sis of congenital heart disease in 

the newborn, including a record of cases of fetal endocarditis and mal- 
development, Brit. J. Child. Dis. 21: 161-172, 1924. Case 2, 2 davs m 
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368. Pye-Sinitli, P. H. Transiiosition of tlie sior(n and pulrnonaiv artery, Tr, Path. 

Soc. Lond. 2.3 : 80-8.3, 1872. 14 wk. in. 

369. Eamm, P. H, T. Zur Gasuistik der Transposition der grossen artericllen 

Gefiisse des Herzens, Kiel thesi.s, 1899. 14 pp. 50 days ra. 

370. Theremin, Emile, vide 318. Obs. 28, 29, 31-34, under 15 days; obs. 30, 2 

mo.; obs. 35, 18 days m.; obs. 30, 7 mo. m.; obs. 37, 7 wk. m.; obs. 38, 
44 days f.; obs. 39, 2^^ mo. m. 

371. Ward, Ogicr, Transposition of the aorta and pulmonary artcrj', Tr. Patli. 

Soc. Lond. 3; 03-65, 1852. 18 days. 

b) Defect of ventricular septum — 17 cases 

372. Bissell, W. W. Eemarks accompanying a demonstration of two hearts with 

patent inten’entricular septum, extensive shortening of the colon and 

ulceration (lues?) and huge calculus, dilatation of the ductus pancrcaticus 
Wirsungi, Tr. Cliicago Path. Boc. 9: 159-109, 1915. Case 2, infant m. 

373. Bucluinan, George. Malformation of the heart. Cyanosi.“, Tr. Path. Soc. 

Lond. 8: 149-150, 1857. 4 m. 

374. Cautley, Edmund. Congenital heart di.^ease; transposition of the aorta and 

the pulmonary artery, Proc. Bov. Soc. Med. 2, pt. 1, Sect. Dis. Child.: 
162-163, 1909.'^ 11 mo. 

375. Guttman, P. Mehrfache angeborene Missbildungen am Herzen, Deutsche med. 

Wchnschr. 19: 84, 1893. 2 m. 

376. Heuyer & Campergue. Deux cas do c 3 'anose congenitale permanente avec 

autop.sie, Bull, et mdm. Soc. anat. de Paris 88: 209-211, 1913, Case 1, 8 m. 

377. Elato, Katsuji. vide 361. Case 1, 1 m.; ease 3, 5 wk. f. 

378. Keith, Arthur. Six specimens of abnormal heart, .T. .4nat. Sc Phvsiol. 40; 

211-214, 1911-12. Case 5, 10. 

379. Lees, D. B. Case of malformed heart with transposition of aorta and pul- 

monary- artery, Tr. Path. Soc. Lond. 31; 58-62, 1880. 7 mo. m. 

380. Peacock, *T. B. Transposition of aorta and pulmonary' artery, Tr. Path. .Soc, 

Lond. 33: 49-50, 1882, 7 mo, in. 

381. Poltorzycka, S. & Cieszynski, F. K. IJn C4'is de malformations multiples con- 

genitales du coeur. Arch, de rndd. d’enf, 28: 170-170, 1925. 2% mo. m, 

382. Eolly, Zur Casuistik der Transposition der grossen artericllen Gefii.sse des 

^Herzens, .Talirb, f. Kinderh, 50: 241-2.57, 1899, 8 mo, m. 

383. Theile, P, H. On a case of congenital c.ardiac malformation, ,T. Anat. & 

Physiol. 37; xliv-1, 1902-03. 3i/> m. 

384. Thdremin, Emile, ride 318. Obs. 44, 1 mo. f, 

385. Variot Sc Morance, Transposition arterielle — evanose congenitale .«ans soufTle, 

Bull. Soc, pediat. de Paris 13: 337-340, 1911.' 3 mo. m, 

380, Watton, Walter & Abbott, M. E, Para.sitic thoracopagus with cardiac anomaly- 
in the host tcor biatriaturn triloculare, transposition of arterial trunks 
and patent ductus arteriosus). Bull. Int. As.s. Med. Museums 8: 10.5-170, 
1922. 14 mo. 

387. Young, A. H. & Eobinson, .\rtliur. vide 284. Cnsc 2, 2% f. 

3, Partial transposition — IG cases 

388, Crisp, Edward- Heart consisting of a single auricle and ventricle, Tr. Path, 

Soc. Lond. 1 : 49-50, 1848. 10 wk. 

.389, Crocker, H. E. Congenitally malformed heart in a girl aged thirfc*m; trans- 
position of pulmonary artery and .‘Uipcrior vena cava; incomplete .«eptum 
vcntriculorum; patent foramen ovale: constriction of pulmon.ayy artery 
and mitral orifice. Aorta arises from the left ventricle, but receives blood 
mainly from the right. Ductus arteriosus is closed, Tr. Path. Soc. Lond, 
31: 92-93, 1880. 13 f. 

390. Elliot, Eobert. Ca.so of uni ventricular or tricoolian heart, .T. -Anat. & Physiol, 

11: 302-306, 1876-77. 19 m. 

391. Gravinghotf, AV, Anfall.sweise Cvano.se bci angeborenern Herzfehler. Monatschr. 

f. Kinderh. 35: 237-2.51, 1927. 1% m. 

392. T.ebert. TJeber einen Fall von TJrsprung der Aorta au.s dem rechten ATmtrikel 

neben der -Arteria pulmonalis mit ofi'enhleiben des eirunden Loche.s,^ .sowie 
der K.'iinmer.'-'cheidewand, oline Cyano.'-e, und Krhjiltung des Txfbens bis zum 
zwanzigsten .Tahre, A'irchow's -Arch. f. path. Anat, 28; 40.5-414, 1803, 20 m. 

393. Lochfe. Ein Fall von .Situs viscerurn irregulari.=, nehst einem Beitrag zur 

Lehre von der Traii.sposition der artericllen gro.“.scn Gefiis.s.sfamme des 
Herzens, Bcitr. z. path. Anat, u. z. allg. P.-ith. 24: 187-222, 1898, 17 in. 
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394. Elieiner, G. Ueber zwei Fiille angeborner Herzfelileii, Vircliow’s Arch. f. 

path. Annt. 146; 540-546, 1890. Case 1, S mo. f. 

395. Shapiro, P. F. vide 317. Case 2, 2 mo. f.; case 3, 5 wk. m. 

396. Thdremin, Emile, vide 318. Obs. 40, 26 days f.; obs. 41, 16 days m.; obs. 42,- 

obs. 43, 2 mo. ; obs. 45, 12 days m. 

397. Tooth, H. H. Case of origin of the aorta from the infundibulum, and of the 

pulmonary arterv from the sinus of the right ventricle, Tr. Path. Soc. 
Lond. 35 : 127-130, 1884. 8 m. 

398. Turner, F. C. Malformed heart, consisting of two cavities, Tr. Path. Soc. Lond. 

34; 32-34, 1883. 15 mo. m. 

4. Corrected ti'anspositio'n — 4 cases 

399. Meinertz, J. Eiu ungewohnlicher Fall von angeborener Mis.sbihlung des . 

Herzens, Virchow’s Arch. f. path. Anat. 166; 385-403, 1901. 24 m. 

400. Thdremin, Emile, vide 318. Obs. 46, 4i/A mo. m.; obs. 47, 9 AS'k. f. 

401. Tonnies, Albert. Ueber eine seltene Mis.sbildung des Herzens (Transposition 

der grossen arteriellen Gefasse mit Defect im liinteren Theile dor Kammer- 
scheidewand), Gottingen thesis, 1884. 61 pp. 21 m. 

X. PULMONARY STENOSIS 

1. With closed septa — 9 cases 

402. Abbott, M. E. vide 108. Case 2, 10% m. 

403. Bishop, L. F. Jr. iSr Wallace, S. C. Pulmonary stenosis with bacterial endo- 

carditis in. an adult. Am. Heart J. 5 ; 238-242, 1929-30. 32 f. 

404. Clarke, J. J. A case of ulcerative endocarditis associated with stenosis of 

the conus arteriosus and affecting chieflj' the pulmonary valve, with ul- 
ceration of the main pulmonary artery, Tr. Patli. Soc. Lond. 44; 29-30, 
1893. 21 f. 

405. Hebb, E. G. Stenosis of pulmonary artery; congenital heart disease, Tr. 

Path. Soc. Lond. 41 ; 57, 1890. 45 in. 

406. Ogle, J. AV. Abnormal condition of the valve at the root of the pulmonary 

artery, with consequent hjqiertrophy of the parietes of the right ventricle 
of the heart, Tr. Path. Soc. Lond. 5; 69-71, 1854. 14 f. 

407. Ormerod, J. A. Disease of the pulmonary valve, Tr. Path. Soc. Lond. 44; 

30, 1893. 24 m. 

408. Peacock, T. B. Contraction of the orifice of the pulmonary artery from 

fusion of the valves, Tr. Path. Soc. Lond. 10; 107-108, 1859. 23 m. 

409. . Case of stenosis of the pulmonary artery from disease of the valves. 

probably of congenital origin, Tr. Path. Soc. Lond. 30; 258-262, 1879 
13 m. 

410. ^Eeid. Munich thesis, 1896. 23 f. 

2. With patent foramen ovale, closed ventricular septum — 16 cases 

411. Abbott, M. E., Lewis, D. S. & Beattie, W. AV. Differential study of a case 

of pulmonary stenosis of inflammatory origin (ventricular septum closed) 
and two cases of (a) pulmonary stenosis and (b) pulmonary' atresia of 
developmental origin with associated ventricular septal defect and deatli 
from paradoxical cerebral embolism. Am. J. Med. Sci. 165; 636-659 1923 
Case 1, 14 f. ’ ‘ 

412. Andrew, James. Congenital malformation of the pulmonary valve's Tr Patli 

Soc. Lond. 16; 81-82, 1805. 6 f . ’ 

413. Ballet, Gilbert. Des abces du cerveau consecutifs a certaiues malformations 

cardiaques. Arch. gen. de med. 1 ; 659-667, 1880. Case 2, 57 f. 

414. Barlow, Thomas. Congenital heart disease; pulmonary stenosis, with dilated 

pulmonary artery above the stenosis, Tr. Path. Soc. Lond. 30 ; 272-273 1879 
4 f. ’ 

415. Cassel. Ein Herz. Berlin, klin. AA'clinsehr. 28; 1221, 1891. Ilf. 

416. Finlay, E- AV. Malformation of the heart; stenosis of the pulmonary valve 

with dilatation of the pulmonary artery and hypertrophy of . the rij?ht 
ventricle; patency of the foramen ovale, with a. cribriform opening' in the 
septum of the auricle (ductus arteriosus closed), Tr. Path Soc T nurt 
30 ; 262-265, 1879. 23 f. ’ 


^Not verified. 
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417. Griiines, L, Jf, Stonosis of the pulmonary valve of the liearl. witlj tuberculo.HiK 

of tlie lungs as a secondary and terminal complication, Cliarlottc Med, 
J, 07: 228-230, 1933. 15 f. ‘ 

418. IjJifitte, Ad, Edtrecissernent infundibalaire do I’arterc pulmonaire d'origine 

congf^nitale; obliteration incomplete du trou dc Jlotal; absence dc cyanose; 
endocardite vegetantc au niveau du retrecissemenf, Jlnll. Soc. anat. de 
Paris 07: 13-17, 1892. 171;^ m. 

419. lilcPhedran, Harris. Pulmonary stenosis; pafenl foramen ovale; acute endo- 

carditis; hemiplegia, fit. Michael’s Hosp. Med, Bull. (Toronto) 1: 02-07, 
1924, 23 m, 

420. l^iergartli, IVillielm. Ein Fall von hocligradiger angeborener ritenos'c des 

Ostium arteriosurn dextrum. Tod durch Lungentuberkulose, Munich thesis, 
1889, 23 pp. 21 f. 

423. Peacock, T. B. Contraction of the orifice of the pulmonary nriery, uml 
communication behveen the cavities of the auricles bv the foranien o^■ale, 
Tr. Path, Koc. Bond. 1: 200-203, 3848. 20 m. 

422. .Saundby, Bobert, Case of pulmonary stcno.sis v/ith j/atent foramen ovale, 

Brit, iled, J. 2: -378-379, 3877. 31 m. 

423. Scremini, P, & Monte.s-Pareja, .T, Tin cas de retrdci.s-sement de I'arterc pul- 

TOonaire avec jiropagation du souffle aux vai.‘^seaux du cou sans communica- 
tion inter- ventricuiaire, Bev, med, del Urugu.'iy 27: 34.5-352, 3924, .4 ///ft. 

Arch. d. mal. du coeur 38: 305-307, 392-5, 23 f, 

424. Tuley, H. W. & iloore, .T, IV. Beport of a case of congenital endocarditi.s 

with vegetative inflammation of the jmlnionarv artery and valve. Am, 
J. Pi-s. Child. 13: 42G-437, 3917, 13 m. 

425. ■\Val.shara, Hugh, Stenosis of the i>ulmonarv orifice of the heart, Tr, Path. 

Soc. Txmd. 47: 25-20, 3890. 38 f. 

420, Wilk.s, Samuel, ilalforraation of the pulrnonarv vein.s, Tr, 3’ath, Soc. l>md. 
30: 79-80, 3859. 18 f. 

3. If'ith doncd fomrneii ovede, defect ventricular ecplxm — 51 ca«CM 

427. .A.bercrombie, .Tohn, Congenital imperfection of .septum ventriculorum tvith 

antemortem thrombosis of right ventricle and pulmonar}- artery, Tr. Path. 
Soc. Bond. 32 : 73-74, 3883, m. 

428. Allis, 0. H. ilalformation of the heart, in which there was .‘■t.enos'i.“ of the 

pulmonary artery, perforation of the ventricular septum, and dilatation 
of the right ventricle, Tr, Path. Soc. Philadelphia 4: 113, 3874. 38 m. 

429. Andrewe.s, F, W. Tv.-o specimens of rare forms of congenital malformation 

of the heart, Tr. Path. Soc. Bond. 54: 344-340, 3903. Case 2, 28. 

430. Ballet, Gilbert, vide 433. Case 3. m. 

431. Bayer, .To.scf, Zur Casui.sti}: der” Ilefectc irn Septnrn ventriculorum l/ei 

.sclieinliar weiter Bungenarterienbahn und cornpeD.satori.scher Hypertropln’e 
der Bungenarterieniiste. Gi'-ssen thesis, 1895. 34 pp. JIM. Ccntralbl, f. 

allg. Path, S: .S2rh827, '3897. Adult f.' 

432. Bennetz, Ernst, vide Case 1, 1% m, 

433. Ei-ssel, W. W, luVic 372. Case 3, 22 m, 

434. Bleelimann, Germain & Paulin, Andre. Aneurisme de I’artere pulmonaire par 

endocardite aigue grcfTee sur une cardiopathie congenitale clicz une en- 
fant, Arch. d. raal. du coeur 35: 472-480, 3922, 7 f, 

435. Campergue, Berthe, fide 53, Case 2, f. 

430. Charlone, Eogelio, Voljie, Alejandro & Be;.-c.s, F, X, Tetnstologia de Fallop 
[.sic], -Arch, de pediat, del LTUguay 1: 373-37.5, 3930, 3-3 m. 

437. Children’s Memorial Hospital (Monfre.-tl; Mu.seum, 7 f. 

438- Cochez, A. Betrccis.=ement de 1 ’infundibulum de I'nrtlre pulmonaire ct 
communication intervenfriculaire sans troubles fonctionnc'B -appreciahlcs 
ju-squ’a I’age de vingt-si.x ams; cj-anose; tuberculose pulmonaire. Boll, et 
mem, Soc. rned. des hop. de Pari.s 13: 420-423, 1890. Adult. 

439. Dickinson, Bee. Thrombosis of the pulmonary artery in a case of congenital 

steno.sis of the orifif:*, Tr. Path. Soc- Jvond, 48: y7-.58, 3897. 4% rn, 

440, Emanuel, -B G. vi<Z€ 358.' Case 3, 7 m. 

443, Fallot, A. Contribution a I’anatomie jrathologique de la maladie hleue (cyanose 
cardiaque), 31ar.seille med. 25: 138-1.58. 1888. Case 3, 30 m. 

442. Hare, C- J. Malformation of the heart- ' Contraefi'/n of the pulmonary orificr- 

vrith an opening in the septum ventriculorum, Tr. Patli. Soc, Bond. 11: 
45-40, 1800. 2 mo. m. 

443. Hehb, B. G. Defect of cardiac septum, etc. ^interventricular} ; <mngenital 

heart di.-ease, Tr. Path. -Soc. Bond. 41: 58, 3890, 5 f. 
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444. Herzog. [Ein Pall] von angeborener IPuiraonalstenoFe luit Reclitslage der 
Aorta, Mimclien. ined. Wclmsclir. 66: 1097-1098, 1919. Same case 10 
vears ’earlier also reported by Molir. Miinclien. mod. Wclinsehr. 59: 2.315, , 
1912. 38 m. 

445 Hewitt. Graily. Disease of the palnionarv valves in an infant: sudden death, 
Tr.'Path.'Soc. Lond. 10: 112-113, 1859. 11 days f. 

446. Hutchinson, Jonathan. Malformation of tlie heart, from a child who had 

suffered from cyanosis.' Imperfect septum of the ventricles. Rudimentary 
right ventricle, which was divided into two chambers by a fleshy septum 
between its sinus and its infundibular portion, Tr. Path. Soc. Lond. 5: 
99-101, 1854. 11 f. 

447. Jackson, J. B. S. Malformed lieart; inter-venti'icular opening, and opening 

of the ductus arteriosus into the arteria innominata, Boston Med. & 
Surg. J. 93: 449-450, 1875. 6 f. 

448. Johnston, Janies. Cvanosis with deficiency of the interventricular septum, 

Brit'Med. J. 2: 351, 1872. 9 m. 

449. King, Robert. Malformation of the heart associated with caries of the right 

mastoid bone, and abscess in the right cerebral hemisphere, Tr. Path. Soc. 
Lond. 23 : 83-86, 1872. 4 m. 

450. Kurtz, C. M., Sprague, H. B., & White, P. D. Congenital heart disease; 

interventricular septal defects with associaled anomalies in a series of 
three cases examined post mortem, and a living patient fifty-eight 3 -ears old 
with C 3 -anosis and clubbing of fingers. Am. Heart J. 3: 77-90, 1927-28. 
Case 1, 23 m. 

451. Moore, Norman. Two examples of malformation of the heart, St. Bartholo- 

mew’s Hosp. Rep. 11: 225-230, 1875. Ca.se 2, 8 f. 

452. ' . Examples of malformation of tlie heart. St. Baifholomcw 's Hosp. Rep. 

12:101-104,1876. Case 2, 20 f. 

453. Murray, H. M. Two cases of malformation of the heart. Tr. Path. Soc. Lond. 

39*: 67-71, 1888. Case 2, 20 f, 

454. Peacock, T. B. Malformation of the heart, consisting in contraction of the 

orifice of the pulmonar}' arteiy with deficienc 3 ' at the base of the inter- 
ventricular septum, Tr. Path. Soc. Lond. 1: 52, 1848. 2^,4 m. 

455. . Contraction of the pulmonar 3 - orifice, with imperfection of the septum 

ventriculorum, and an osseous state of the ductus arteriosus, Tr. Path. 
Soc, Lond. 7 : 80-83, 1856. 19 f. 

456. — — . Malformation of the heart; absence of ductus arterio.sus; small size 

of the pulmonaiy arteiy; aorta arising from both ventricles; irregular 
course of the aorta, etc., Tr. Path. Soc. Lond. 11: 40-43, 1860. llVji mo. m. 

457. . Malformation of the heart. Contraction of the orifice of the pulmonar}- 

artery, and deficiency- in the septum ventriculorum. Cya.nosis, Tr. Path. 
Soc. -Lond, 13: 57-59, 1862. 9 m. 

458. . Malformation of the heart; contraction of the infundibular portion of 

the right ventricle; deficienc 3 '’ in the septum of the ventricles, the aorta 
arising chiefly from the right ventricle; foramen ovale closed, Tr. Path. Soc. 
Lond. 17: 45-46, 1866. 7 m. 

459. . Malformation of the heart; contraction or stenosis of the piilmonaiy 

orifice; aorta arising from both ventricles, Tr. Path. Soc. Lond. 20: 87-88, 
1869. 81/4 m. 

460. . Malformation of the heart; great contraction of the ]mlmonic orifice; 

aorta arising from the right ventricle, but communicating with the left b 3 - 
an aperture in the septum, Tr, Path. Soc. Lond. 21: 79-80, 1870. 2% f. * 

461. . Great contraction, or stenosis, of the pulmonary arter 3 '; defect in the 

septum of the ventricles and aorta arising equally from the two cavities; 
no ductus arteriosus; but that ve.'sscl replaced ' by- two .small branches 
connected yvith the aorta; c 3 -ano.sis, Tr. Path. Soc. Lond. 22: 88-99, 1871. 
17 f. 

462. — — . Malformation of heart; steno.sis at the connnencement of the conus 

arteriosus of the right ventricle and at the origin of the pulmonary artery; 
aperture in septum ventriculorum and aorta arising partl.v from right side’ 
foramen ovale and ductus arteriosus closed; C 3 -anosis, Tr. Path. Soc Lond’ 
27: 131-136, 1876. 4 f. ’ ' 

463. — ~ Alalformation of heart; great constriction or stenosis of the 

orifice of the pulmonary arteiy, aorta arising from both ventricles; defects 
. in the fold of the foramen ovale; ductus arteriosus closed Tr Path f=;oe 
Lond. 32: 35-38, 1881. 6 m. ’ ' 
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464 _ & Barlow, T. Alalformation of the lieart; nteriosis of the pulmonary 

artery, the aorta communicating with hotli ventricle.s, Tr. Path. tSoc. Lond. 
31: 91, 1880. 3 ra, 

46.5. Eheiner, G. vide 394. Case 2, 5 f. 

466. Robinson, G. C. Tlie relation between congenital malformation of the heart 

and acute endocarditis. Bull. Ayer Clinic Lab. 1: 4.5-.55, 190.5. Case 1, 
20 m.; Case 2, 20 m. 

467. Ro.sler, H. Beitriigc zur Lehre von den a!;"ebo!V!ieii irerzfchlern; Unter- 

suchungen an einem Fall von WiiTi. Arch. f. inn. Med. 

15: 507-520, 1928. Case 1, 7V^ f. 

468. Rollcston, H. 11. Congenital heart disease; pulmonary .steno.si.*'; patent .“eptiirn 

ventrieulorum, Tr. Path. Soe. lAmd. 43: 32-34, 1892. 20 in. 

469. Scheele. Ueber congenitale Pulmonalstenose mit Kainmer.Kclieidewanddefect, 

Deutsche med. Wchnschr. 14: 294-297, 1888. 15 f. 

470. Schmidt, X L. 0. Ueber angcborcnc Stono.se der Arteria, pulmonali.^, Bonn 

thesis, 1892. 30 jip. 12 m. 

471. Summons, IV. H. vide 174. Case 7, 3 m. 

472. Variot, G. Sur le diagnostic des alfection.s congenifale.s du coeur chez les 

enfants, X do din. et de therap. inf. 2: 329-333, 1894. 5% mo. m. 

473. . vide 351. Case 2, 5^2 f. 

474. Weiss, Edward. Congenital pulmonary stenosis with ventricular defect, Tr. 

Path. Soc. Philadelphia 44: 73-74, 1924. 17 f. 

475. White, P. D. & Boyes, X H. Subacute bacterial (.streptococcus viridans) endo- 

carditis and endocarditis involving the tricuspid valve and the polmonarj- 
arterj' in a unique case of the tetralogj- of Fallot complicated by congenital 
pulmonary regurgitation, Am. Heart .1. 7: 802-807, 1931-32. 21 f. 

476. & Sprague, H. B. Tetralogy of Fallot; case in a noted musician who 

lived to his sixtieth year, X A. M. A. 92: 787-791, 1929, 60 m, 

4. With patent foramen fjvalc and defect ventricular septum — 5d cases 

477. Abbott, M. E, vide 85. Ca.se p, 730-732, Also 285. Obs. 11, 23 m, 

478. , Lewis, D. S. & Beattie, W. W. vide 411. Case 2, 10 m, 

479. Arnold, W, Der kompcnsatori.<-che Kollateralkrei.slauf bci einem Fall von 

angeborener Pulmonalstcno.se, Centralbl, f. allg. Path, 37: 193-196, 1926. 
13 m. 

480. Black, D. D. vide 217. Ca.<-e 1, 22 m. [Appears twice on chart], 

481. Bohm, Fall von "angeborner Steno.^e des Conus arteries, pulmonal,” ohne 

vorausgegangenen Entzundungsprozess Berlin, klin. Wchnschr. 7 : 420- 
423, 1870. VA m. 

482. Campbell, T, & Coulthard, IT. 1^, Congenital cardiac malformation with pul- 

monary tubcrculosi.s, Lancet 1 : 1001-1002, 1924. 28 m. 

483. Cautlc}-, Edmund. Atresia of the conus pulmonalis, Edinburgh Afed. .L 12: 

257-200, 1902. 12 mo. m. 

484. Crocker, H, E, Case of congenital malformation of the heart, Tr. Path. Soc, 

Lond. 30 : 273-274, 1879. 0 f. 

485. . Ca.se of congenital malformation of the heart, Tr. Path, .Soc. Lond, 30: 

27.5, 1879, 2 m, 

486. Cunsham. Congenital malformati<m of the heart in a vouth, Tr. Path, Soc. 

Lond. 7: 85-87,_ 18.56. 18 m. 

487. Fallot, A. Contribution a 1 ’anatomic jjathologiquc de la maladie blcue 

(cyano.se cardiaque), Marseille med. 25: 77-9.3, 1888. Case 1, 19 m,; ease 
2, 20 m. cf. 441. 

488. Fox, Wilson. Cyano.sis; h 3 'j)ertrophj- of the heart, chiefly afToeting the right 

ventricle; partial clo.sure of the pulmonarj’ artery by adhe.sion of flaps 
of semilunar valve.s; perforation of .septum ventrieulorum; adhesion of 
flaps of tricu.spid valve.s; patent foramen ovale: cIo.«ure of ductus arterio.sus, 
Tr, Path. Hoc, Lond, 19: 104-107, 1868. 3 f. 

489. Frey1.>erger, Ludivig. A case of patent .septum intervenlriculare, patenf foramen 

ovale, and congenita] steno.sLs of the pulmonary artery, coupled with an 
anomalous di.stribution of the thoracic vein.*:, Tr. Path. .S'oe, Lond. 49: 35- 
37, 1898, 11 mo. m. 

490. Harrison, W. F. Congenital heart disease; extreme congenital pulmonary- 

stenosis ftctralogy- of Fallot); collateral pulmonary circulation; massive 
right-sided vegetative endoearditi.=. Am. Heart X 5: 213-231, 1929-30, 
16 f. 

491. Kurtz, 0. M., Sprague, H. B., k White, P. D. vide 450. Case .3, 11 m. 
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492. Leadingham, R. S, Tetralogy' of Fallot; report of a case witli bacterial endo- 

carditis of the pulmonarj' valve and collapse of both lungs, Ann. Int. Med. 
4:620-627, 1930. loin. 

493. Leclere & Michel. Eetr4eissement pulmonaire; communication interventricu- 

laire; bacillose pulmonaire, Lyon med. 122: 300-302, 1914. 21 f. - 

494. Monckeberg. Pulmoualstenose, Septumdefekt, abnormer A^erlauf der Aorta 

und frische Endocarditis, Deutsche med. Wchnschr. 35: 1044, 1909. 8 ni. 

495. Moore. Norman. Congenital disease of the heart, Tr. Path. Soc. Lond. 36: 

176-178, 1885. 3 m. 

496. Nunneley, Thomas. Aorta freely communicating with both ventricles, these 

, -with each other, small and thin-walled pulmonarjv artery, ndth very small 
slit-like opening into the ventricle, open foramen ovale, Tr. Path. Soc. Lond. 
13: 42-44, 1862. 15 f. 

497. Parker, N. Malformation of the heart; great contraction of the pulmonary 

orifice; aorta arising entirely from tlie right ventricle; aperture in the 
septum ventriculorum, Tr. Path. Soc. Lond. 1: 51, 1848. 13 m. 

498. Peacock, T. B. Malformation of the heart; gi-eat contraction of the pulmonary 

orifice; deficiency in the septum ventriculorum, and open foramen ovale, 
Tr. Path. Soc. Lond. 5: 67-69, 1854. 6^4 m. 

499. — ■ — . Contraction of the pulmonar}' orifice and artery with imperfection of 

the septum of the ventricles, and absence of the ductus arteriosus, Tr. Path. 
Soc. Lond. 7 : 83-85, 1856. 12 mo. f. 

500. . Malformation of the heart; contraction of the pulmonic orifice; 

aorta arising equallv from both ventricles, Tr. Path. Soc. Lond. 21 : 78-79. 
1870. 8 m. 

501. . Malformation of heart; nearly complete separation between the sinus 

and infundibular portion of the right ventricle; aorta, arising from both 
ventricle.®, Tr. Path. Soc. Lond. 21 : 83-86, 1870. 15 f. 

502. Baab, Wilhelm, Weiss, Robert, Lowbeer, Bela & Rihl, .Julius. Unter.suchungen 

fiber einen Fall von kongenitalem Herzvitium, Wien. Arch. f. inn. Med. 7 : 
367-414, 1924. 15 m. 

503. EejTiolds, Russell. Malformation of the heart in u child. Cvanosis, I'r. Path. 

‘ Soc. Lond. 8: 123-126, 1857. 13 mo. f. 

504. Sanderson. Malformation of the heart, with cyanosis, Tr. Path. Soc. Tjond. 

10: 89-90, 1859. 6 Vi f. 

505. Shaw, H. S, A case of congenital cardiac disease, Montreal Med. J. 32: 

140-143, 1903. 12 f. 

506. Siredey. Retrecissement de I’artere pulmonaire; endocardite vegetante de- 

veloppee sur les valvules sigmoi'des de Partere pulmonaire; persistance du 
trou de Botal; communication interventriculaire, sans troubles fonctionnels, 
Gaz. d. hop. civ. et mil. (Lancette frang.) 69: .521-523, 1896. 20 m. 

507. Stone, W. H. A case of tricoelian heart with insufficiency of the ventricular 

.septum, St. Thomas’s Ho.sp. Rep. 11: 57-60, 1882. 19 f. 

508. Voelcker, A. F. Congenital malformation of the heart, Tr. Path. Soc. Lond. 

44: 36-37, 1893. 7V. f. 

XI. PULJIONARY ATRESLV 

1. WUli closed ventricular septum — 10 cases 

509. Abbott, M. E. vide 190. Case 1, 9 days. 

510. Abercrombie, John. Congenital atresia of right ventricle; ductus arteriosus 

patent, Tr. Path. Soc. Lond. 34; 78, 1883. 5 mo. f. 

511. Costa, Antonio. Atresia congenita delPostio della polnionare, con setto in- 

terventricolare chiuso e dotto di Botallo persistente in uomo di 20 anni, Clin, 
med. ital. 61: 567-574, 1930. 20 m. 

,512. Curl, S. W. Two cases of congenital morbus cordis with atresia of the pul- 
monary artery and other defects, Lancet 1: 87, 1905. Case 2, 6 mo. 

513. Jakubowitsch, Anna. Ein Pall von congenitaler Atresie der Arteria pul- 

monalis. Beitrag zur Lehre von den angeborenen Erkrankungen des' 
Herzens, Zurich thesis, 1897. 38 pp. 3 mo. f. 

514. Kugel, M. A. A clinical and pathological study of two cases of truncus 

sobtarius aortieus (pulmonary atresia). Am. Heart .1. 7: 262-273, 3931-32. 
Case 1, 6 mo. f. 

515. Lucas, R. C. Heart from a case of cyanosis, Tr. Path. Soc. Lond. 26: 26-27. 

1875. 6 days f. 

516. Mautner, Hans. Beitruge zur Entwicklungsmechanik, Pathologie und Klinik 

angeborener Herzfeliler, Jahrb. f. Enderh. 96: 123-155, 1921. 14 days m. 
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517, Ogle, Cyril. Atresia of the pulmonary artery, Tr. Path. Soc. Lonf], 47: 28-29, 
189 G. 4 mo. 

.518. Peacock, T. E. Malformation, of the heart? ohliteration of the orifice of the 
pulmonary artery? open foramen ovale and ductu.s arterio.sus? cyano.sis, 
Tr, Path, Soc. Lond, 15; G0-G2, 18G4. 9 days, 

2. WH7i dosed foram-en ovale, defect 'ventricular septum — IZ cnscs 

.519. Abbott, M, E., Lewis, D. S. & Beattie, W. W, vide 411. Case 'i, 11 ra. 

520. d'Espine & Mallet, H. IJn cas de malformation congenitale du coeur avec cy- 

ano.ee paro.\y.«tique, Jicv. de mdd, 28: 941 -949, 1908. mo. f. 

,521. von Etlinger, M. Zur Gasuistik der angeborenen Herzfehler, Arch. f. Kinderli, 
12; 348-3G0, 1890-91. 4 mo. 

522. Habershon, S. H. Congenital malformation of heart and kidnej's? oblitera- 

tion of jiulmonary arterj-? aorta arising from the right ventricle; imper- 

fection of septum ventriculorum; lung.s supplied from aorta by a large 
ductus arteriosus dividing into right and left pulmonary branehe.s; horse- 
shoe kidney, Tr. Path. Soc. Lond. 39: 71-74, 1888. 4 m. 

523. Koller-Aeby. Zwei Fiille von Atresie der Pulrnonalis, Deulsche.s Arch. f. klin. 

Med. 82: 228-240, 1905. Case 1, 4 m, 

524. Kugel, M. A. vide 514. Case 2, 3 mo. 

52.5. Moore. Morman, Congenital malfonnaliou of the heart, Tr. Path. Hoc. Lond. 
41; 55-5G, 1890, 7 f. 

52G. Moussou-s, Duperid, E., Cadenaulo, Ph. Sc Trais.sac, Malformation congenitale 
du coeur, Arch. d. raal, du coeur 19; :>40'541, 1920, 5 mo. m, 

527. Peacock, T. B, Malformation of the heart — atresia of the orifice of the pul- 

monarj’ artery? aorta communicating with both ventricles, Tr, Path, Soc, 
" Lond. 20; G1-G4, 1869. 13 f. 

528. , Entire obliteration or atre.“i:i of the orifice and trunk of the pulmonary 

artery? cyanosis? death from cancrum ori.s, Tr, Path. Soc. Lond, 22: 85-88, 
1871, 2’/i m. 

529. Sibbald, John. Malformation of the heart, with abnormal distribution of the 

aortic branches to the lungs? from a child, Tr. Path. Soc, Lond. 8; 1G7-1G8, 
1857, 10 wk. 

530. TVlieeler, Digby & Abbott, M, E, Double aortic arch and pulmonarj" atresia, 

with pulmonary' circulation maintained through persistent left aortic root 
in a man aged* twenty'-nine, Canad, Med, Ass. .T, 19: 297-30.3, 1928, 29 m, 

3. WHh patent foramen ovale, defect ventricular septum — 18 eases 

531. Bach, Francis. Case of congenital morbus cordis studied over a period of 

twelve years. Lancet 1: 1009-1011, 3928, 30 m. 

.532. Baly, William, Malformation of the heart, the pulmonary artery impervious 
at its origin, etc., Tr. Path. Soc. Lond. 10: 90-92, 1859,’ 9 mo. f, 

533, Chevers, Norman, Heart which displayed complete'congenital obliter.ation of 
the orifice of the pulmonarv arferv* Tr. Path, .Soc. Jxmd, 1; 204-205, 1848, 
Several wk, 

.534. Christeller, Erwin, Funktionelles iind Anatomi.sches bei der angc'borenen 
Verengerung und dem angeborenen Ver.schluss dcr Lungemirlerie, insbe- 
sondere fiber die arteriellen Kollateralbahnen bei diesen Ziisfiinden, 
Virchow's Arch. f. path. Anat. 223: 40-57, 3917. 2 m. 

.535. Curl, S. W. vide 512, Case 1, 3 mo. f. 

536. Hewitt, Graily. Malformation of the heart; no cvanosi.s, Tr. Path. .Soc. Lond. 

8: 107-310. 1857. 4 mo, in. 

537, Koller-Aeby'. vide 523. Case 2, 11 mo. m. 

-538. O.sler, William, vide 213. Ca.=e -3, 13 days m. 

5.!9, Pesicock, T. B. Absence of the pulmonary artery', the sinrtsi arising chiefly 
from the right ventricle, and giving o/f the pulmonary branches throuah 
the ductus arterioKu.s, Tr, Path, Soc, Jjond. 1: 205-207, 3848, fiVi mo. m. 
•’’■10. — — . Malformation of the he.'irt? atresia of the pulmonary artery : aorfa 
arising from right ventricle? pulmonary circulation maintained through the 
ductus arteriosus, Tr. Path. .Soc. Lond. *25; 62-64, 1874. 31 mo. m. 

■.'41. Raedcr, O. .1. Congenital nmlformalion of heart wit!) complete oblitenitiori 
of pulmonary artery, .T. A. M, A. 79; 16-17, 3922, 9 days, 

542. Eeuben, M. S. & Steffen, W. C. A. Congenital cyanosis and congenital heart 

di.sease without murmurs, Areh, Pediat. 39: 831-818, 1922. 11 mo, m. 

543. Semple, Hunter, ^Malformation of the heart: p-atent foramen ovale; imfK;rfect 

septum ventriculorum; aorta given off from the right ventricle? ductus 
sirterio.^-uH giving off tlse, right and left pulinon-ary :irtcrics-, cyano.sis, Tr, 
Path, Soc. Ixind, 23: 80-82, JS70, 10 rno. 
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544. Smith, Gregory. .Malformation of the heart in a child. Lancet 1: 543-544, 
1842. 8 mo. 

545. . Stewart. W. B. Atresia of the pulmonary arterv in a congenitally defective 
heart, J. Lab. & Clin. Med. 8: 454-461, 1923. 2V> mo. f. 

546. Thomson, J. & Drummond, "W. B. vide 176. Case 5, S% mo. f. 

547. Weiss, Salomon. Ueber einen Fall von angeborner Stenose der Pulmonalarterie, 

Deutsches Arch. f. Win. Med. 16: 379-392, 1875. 6 m. 

548. Whipham, T. B. Pathological specimen of the heart in a case of congenital 

malformation^ Proc. Boy. Soc. Med. 4, pt. 1, Sect. Dis. Child.: 3-5, 1911. 2. 


Xn. PULMONARY INSUFFICIENCY OR DILATATION 

1. Vahndar insufficiency — 2 cases 

549. Schwartz, S. P. & Shelling, D. H. Acquired rlieumatic pulmonary stenosis and 

insufficiency. Am. Heart J. 6: 568-574, 1930-31. 22 f. 

550. Stintzing, B. TJeber cine seltene Anomalie der PulmonalWappen, Deutsches 

Arch. f. Win. Med. 44: 149-158, 1888-89. 64 f. 

2. Congenital dilatation ptdmonary artery — 6 cases 

551. Bristowe, J. S. Thickening and dilatation of tlie pulmonary arlery, and its 

ramifications, Tr. Path. Soc. Lond. 11 : 80-81, 1860. 59 m. 

552. Cautley, Edmund. Congenital pulmonarv regnrgitation (transposition of the 

spleen), Brit. J. Child. Dis. 17: 187-189, ]'920. Wi mo. f. 

553. Clarke, E. C., Coombs, G. P., Hadfield, 6. & Todd, A. T. On Certain Abnor- 

malities, congenital and acquired, of the pulmonar}- artery, Quart. J. kled. 
21: 51-70, 1927-28. Case 1, 10 mo. f.; case 2, 6 mo. m. 

554. Watjen, J. : Isolierte Sklerose der Pulmonalarterie im jiingsten Kindesalter, 

Deutsche med. Wchnschr. 50 : 713-715, 1924. IS mo. m. 

555. Wilkens, G. D. Ein Fall von multiplen Pulmonalisaneurysmen, Beitr. z. Edinik 

d. Tuberk. 38: 1-10, 1918. 23 f. 

XHI. AORTIC STENOSIS AND ATRESIA 

1. Suhaortic stenosis — 12 cases 

.556. Banks, J. T. Perforation of aortic valves — Icud musical murmur, Dublin Hosp. 
Gaz. 4: 33-35, 1857. 34 f. 

557. Bret & Blanc-Perducet. Le retrecissement sous-aortique a propos d’un cas de 

retrecisseraent sous-aortique pur, Lyon med. 119: 261-274. 1912. 58 m. 

558. Dilg, J. Ein Beitrag zur Kenntniss seltener Herzanomalien im Anschluss an 

einem Fall von angeborner linksseitiger Conusstenose, Vircliow’s Arch. f. 
path. Anat. 91: 193-260, 1883. 2 m. 

559. Enzer, NTorbert. Anomalous congenital bicuspid subaortic valve of the heart, 

■Arch. Path. 4: 966-973, 1927. 40 f. 

560. ='Goldenweiser. [Pathogenesis and symptomatology of subaortic .stenosisl, Med. 

Obozr. (Moscow) 77 : 319, 1912. 21 m. 

561. Lauenstein, Carl. Ein Fall von Stenose des Conus arteriosus aortae, Deutsches 

Arch. f. Win. Med. 16: 374-378, 1875. 38 m. 

562. Lindman, J. H. Ein Fall von Stenose des Conus arteriosus aortae, Deutsches 

Arch. f. Win. Med. 25: 510-517, 1880. 19 m. 

563. Shennan, Theodore. Note on a case of double stenosis of the aortic orifice. 

Lancet 1: 21, 1905. 19 m. 

564. Smart, Andrew. A ease of double stenosis of the aortic orifice. Lancet 2: 3417- 

1418, 1904. 17 f. [Appears twice on chart.) 

565. Thursfield, Hugh & Scott, H. W. Subaortic stenosis, Brit. .J. Cliild. Dis. 30- 

104-109, 1913. 14 m. 

566. Trevor, E. S. Heart with various malformations, J. .Vnat. & Phvsiol. 36: 

xliv-xlv, 1901-02. 9. 

2. Aortic stenosis — 11 cases 

567. Bezangon, Fernand & Azoulay, Eobert. Eetrccissement eongenitale de 1 ’orifice 

■ aortique sans autre malformation cardiaque avec endoeardite recente sura- 
joutee chez une jeune fille jumelle; malformation pulmonaire et renale 
associees; niort subite, Arch. d. mal. du coeur 17 : 345-349, 1924. 24 f. 

*Not verified. 
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568. Fi.«Uer, Tli. Congenital aortic stenoHis from a child aged four monthn, Rep. 

Soc. Study Dis. CJiild. 2: 10-18, 1901-02. 4J/i mo. f. 

.569. Hare C. J. Malformation of tlie heart. Ob.struction at the aortic orilico 
(only two valves). Open duclas artcriosu.s, Tr. Path. Soc. Lend. 11: 40-47, 
I860. 0 mo. m. 

570. Paine T. M. Heart of a child two weeks of age, with a patulous foramen 

ovale a triangular opening in the ventricular septum, and a small and 
contracted aortic opening in which no valve.s could bo detected, Tr. Path. 
Soc. Philadelphia 17: 8.8-84, 1894. 14 day.s. 

571. McGill Museum. 47 days. 

572. Monckeberg, J. G. Demonstration eines Falles von angeborener Stenose de.“ 

Aortenostium.s, Verhandl. d. dcutschcn path. Ge.sellsch. 11: 224-229, 1907. 
4 days ra. 

573. Mueller, Derthold. Ein Beitrag zur Kenntni.s der angeborenen links.seitigen 

Konusverengerungen des Herzen.s, Virchow’s Arch. f. path. Anat. 249; 
368-37.3, 1924. Case 1, 51 hr. f. 

574. Owen, S. A. & Kingsburj', A. N. vide 307. Case 1, 4 days rn. 

575. Rose, H. C. Congenital malformation of the aortic valves, Tr. Path. Soc. Pond. 

24: 68-09, 1873. 13 f. 

570. Stiassnv, Sigmund. Ein Fall von angeborener Myocarditis hbrosa. C'entralbl. 

f. allg. Path. 12 : 417-421, 1901. 4 days m. 

577. Workman, C. J. Disease of the aortic valves, in a girl aged four vears, Tr. 
Path. Soc. Pond. 18: 54-55, 1807. 4 f. 

3. Aortic atresia — 12 cases 

.578. Abbott, M. E. vide 108. Case p. 297, 4 days f. 

579. Canton, Edwin. Congenital oblitcratifm of origin of the aorta, Tr, Path, 

Soc. Pond. 2; 38, 1850, 2 days f. 

580. Fraser, Alexander. Two eases of congenital lesions of the heart, Proc, Xew 

York Path. Soc. 21: 91-9.5, 1921, Case 1, 5 days m. 

581. Gauss, Harrj', Congenital obliteration of the aorta, Am. .P Dis, Child, 12: 

600-011, 1916. 3 days m, 

582. Poeser, Alfred. Ueber kongenitale Aortensfenose and fotale Endokarditis, 

Virchow’s Arcli. f, path. Anat. 219: 309-319, 191.5. 2 days f, 

583. Moore, C, U. & Menne, F. R, Report of a case of congenital anomaly of the 

heart — reptilian, Heart 8: 297-302, 1921. 0 days m. 

584. Mueller, Berthold, vide 573, Case 2, 5 days m. 

585. Philpott, Xewell. Congenital atresia of aortic ring, Ann. Int. Med, 2: 422- 

427, 1928-29. 02 hr. m. 

580, Schrader, G, Zwei Eeitrage zu den Herzmissbiidungen, Centralbl. f. allg. Path, 
42.-5-9, 1928. Case 1, 5 days m. 

587. .Shapiro, P. F. Truncus solitarius pulmonalis; rare tvpc of congenital cardiac 
anomaly. Arch. Path. 10: 071-070, 1930, 4 days m*. 

.388, Shattock, .S. G, Atresia of the aortic aperture in an inf:tnt, Tr, Path, Soc. 

Pond. 32: 38-39, 1881. 25 days. 

589. Summons, W. H. vide 174. Case 11, 15 wk. m. 

XIV, AXOMALIKS OF SKJnLUNAIl CU.SF.S 

1, Snpernumerary cusps 

a) Of jfulmonary valve — 8 cases 

■MK Carter, C, H. Supemumerarv pulmonary valve, Tr, Path. .Soc. Pond. 24 : 48, 
1873. 11,^ m. 

591, Cattell, H, W, vVnomalous extra cu.sp to the pulmonarj- i-alvf:, Tr, Path. Soc. 
Philadelphia 15: 101-102, 1891. 80 rn. 

o92. Duclavortli, Dyce, Specimen of a heart witli four pulmonarv valves, Tr. Path: 
Soc. Pond. 17; 113-114, 1800. 31 m. 

59.3. Greenhow, E. H. Heart with four pulmonary valv<« and incompetericy of 
tricuspid valve; hypertrophy of spleen, and cirrho/is of liver, Tr, Path, Soc, 
Pond, 20: 98-99, 1809. Adult f. 

.594. -Tenner, William. Three specimens of malformations bv excess of the pulmonarv 
•sigmoid valve.*, Tr, Path. Soc. r.^nd. 4: 102-103, 18.53. Case I. 19 m.": 
case 3. ? . i 
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595. Peacock, T. B. Two specimens, showing the condition of the heart after death 

from different forms of phthisis— destruction of one supra-renal capsule 
without bronzing— supernumerary valve at orifice of pulmonary artery, Tr. 
Path. Soe. Bond. 14 : 126, 1863. ‘ Case 2, 46 m. , 

596. Wilson, J. C. Heart showing anomalous arrangement of the leaflets of the 

pulmonary' valve, these being four in number, Tr. Patli. Soc. Philadelphia 
7 : 57-58, 1878. 55 m. 

b) 0/ aortic valve — 2 cases 

597. Abbott, M. E. On the relative incidence and clinical , significance of a con- 

genitally bicuspid aortic valve; with five illustrative cases._ In Contribu- 
tions to the medical sciences in honor of Dr. Emanuel Libman. N. T., 
International pr., 19!>2. v. 1, pp. 1-38. Case 4, 31 m. 

598. de Vries, W. M. Ueber Abweiehungen in der Zahl der Semilunarklappen, 

Beitr. z. path. Anat. u. z. allg. Path, 64: 38-54, 1918, 41 m, 

2. Eeduced number 

a) Bicuspid pulmonary valve — 1 case 

599. Paget, James. On obstructions of the branches of the pulmonarv artery, Med.- 

Chir. Tr. (Bond.) 27: 162-188, 1844. Case 6, 20 f. 

b) Bicuspid aortic valve — 32 cases 

600. Abbott, M. E. & Cliase, W. H. Bicuspid aortic valve of congenital origin 

with associated defect of the interventricular septum and streptococcal endo- 
carditis with mycotic aneurysm of left coronary artery and extensive 
recent infarction of myocardium of left ventricle, J. Tech. Methods 12: 
171-174, 1929. 34 m. 

601. Baumgartner, E. A. Bicuspid aortic valve — report of a case, Clifton Med. 

Bull. 8: 17-21, 1922. 39 f. 

602. Deteindre, Willy. Ueber einige Eiille von zweiteiligc Aortenklappen und ihre 

patholo^sche Bedeutung, Zurich thesis, 1895. 42 pp. Abst. Centralbl. f. 
allg. Path. 6; 358, 1895. Case 1, 25 m.; case 2, 42 m.: case 3, 50 m. 

603. Garrod, A. E. Malformation of the aortic rmlves; ulcerative endocarditis; 

associated malformation of the liver, Tr. Path. Soc. Bond. 48; 42-45, 1897. 

39 m. 

604. Greenfield, W. S. Congenital malformations of the aortic valves, consisting in 

the existence of two segments only, Tx’. Path. Soc. Bond. 27 : 110-113, 1876. 
68 m. 

605. Bewis, Thomas & Grant, E, T. Observations relating to subacute infective 

endocarditis; notes on normal structure of aortic valve; bicuspid aortic 
valves in subacute infective endocarditis, Heart 10: 21-99, 1923. Case 1, 
10 wk.; case 2, 21; case 3, 31 m.; case 4, 68 m.; case 7, 38 m.; case s’ 

40 m.; case 9, 33 m.; case 10, 28 m.; case 11. 30 m.; case 12, 32 m.; case 
13, 24 m. 

606. Obre, Henry. Malformed aortic valves, Tr. Path. Soc. Bond. 4; 101-102 1853. 

6 wk. ’ 

607. Osier, William. On the condition of fusion of two segments of the semEunar- 

valves, Montreal General Hosp. Eep. 1: 233-242, 1880. Case 1, 26 m.; case 
2, 20 m.; case 3, 42 m. ; case 4, 42 m.; case 5, 45 m.; ca.se 6, 40 m.; case 7, 
8 mo. fetus. 

608. Peacock, T. B. Case of aortic valvular disease, probably originating in mal- 

formation, etc., Tr. Path. Soe. Bond. 27: 59-67, 1876. 11 f. 

609. Quain, ’Eichard. Malformations of the aortic valves in an infant. Sudden 

death. Fatty degeneration (?), Tr. Path. Soc. Bond. 4: 96-99, 1853. 6 

mo. m. 

610. Shelby, E. P. Jr. Aortic valve with only two segments; adult heart- con- 

genital origin, Proc. New York Path. Soe. 23-26, 1897-98. 40 m. ’ 

611. Sieveking, E. H. Atheromatous deposit, and rupture of one valve of the 

aorta. Congenital union of two of the valves, Tr. Path. Soc Bond 4- 
100-101, 1853. 26 m. • 

612. Ucke, H. Ein Beitrag zur Casuistik der Klappenanomalien der Aorta Virchow 

, Arch. f. path. Anat. 140: 206-208, 1895. 23 m. ’ 

613. Williams. Malformation of aortic valves, Tr. Path. Soc. Bond 13- 03 1809 

fiS m ■ ■ ■ ^ 
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3. Defect 

a) Of pulmonary valve — no eases 
])) Of aortic valve— 1 case 

G14. Hektoen, Ludvig, vide 328. Case 2, newborn L. 


XV. a’RICUSPID AND MITRAL STENO.SES 
1, Tricuspid stenosis — 3 cases 

fi]5, Delliaye, A. & Le Groodt, A. Endocarditc vegetante de.« valvulc.s dii ventricule 
droit clicz un adole.scent porteur (Pune malformation congiinitale du coeur, 
Arch. d. mal. du coeur 20: 309-31G, 1927, 16 in. 

CIO. Peacock, T. B, Malformation of flic lieart. Contraction of tJie riglit auriculo- 
ventricular orifice with two fimall aportnreR in tlie ficptum ventriculoriim, 
Tr, Path. Soc. Lond. 5: 04-07, 1854. 7 mo. f, 

017. (Stow, Bond. Congenital tricuspid .sleno.si.s complicated by mitral stenosis, Am. 
,T. Med. Sei. 130 : 329-330, 1905. 28 f. 


2. Tricuspid atresia — 16 cases 

018. Barlow, Tlioma.s. Congenital heart disease; two case.s, Tr. Path. ,Soc, Lond. 27: 

140-142, 1870. Case 1, 12 wk. f. 

019. Bernstein, E. P. A ease of congenital heart disease, Proc. New York Path. (Soc. 

0: 29-32, 1900. 2% m. 

020. Blackford, L. M, &- Hoppe, L, B. A functionally two-chambered heart. Am. 

J. Dis. Child. 41 ; 1111-1122, 19.31. 7 mo, m. 

021. Cathala, .Jean & Ti.sserand. Cyanose paroxystique par atnisie tricuspidienne. 

Bull, ct rnem. ,Soc. radd, d. hop. de Paris 50: .001-505, 1920, 3 mo. f. 

022. Corsdres.s, Otto. Ueber ein Cor bilocularo bei , Situs viscerum inversus, Monat- 

schr. f. Kinderh. 28: 193-198, 1924. 4 mo. 

023. Crocker, H. K, A case of congenital malformation of the lieart, Tr. Path, 

(Soe. Lond. 30; 270-277, 1879, 7 mo. m. 

024. Hcdingcr, E. Tran.sposition dcr grosseu Gefasse bei rudimentarer linken 

Herzkammer bei cinem oOjahrigen Erau, Centralbl, f. allg. X’ath, 20: 529- 
535, 1915. 50 f. 

025. He.s.s, J. H. Congenital atresia of the right auriculoventricular orifice with 

complete absence of tricu.spid valve.s. Am. .T. Dis. Cliild. 13: 107-17.3, 1917. 
8% mo. m. 

020. Kelly, Cliarles. Malformation of the heart in a case of cyano.si.s, Tr. Patli. 
Soe. Lond. 19: 18.5,-180, 1808. 5 mo. 

027. Kiihne, Marie. TJeber zwei Fiillc kongenitaler Atresie des O.stium venosum 

dextrum, Jahrb. f. Kinderh. 03: 2.35-24.9, 1900. Case 1, 7 mo.; case 2, 9 
mo. 

028. Miller, A. ,T, Congenital heart disease with partial situs inversus, absence of 

inferior vena cava and other anomalies, Am, ,1. Path. 1 ; 407-470, 1925. 
10 wk, f, 

029. Moore, Norman. Cong(mital malformation of the heart, Tr, Path, Soc. Lond. 

43: .31-.32, 1892, 5 mo. m, 

030. Nuhn. Ueber eine seltenc fchlcrhaftc Bildung des Herzen.®, narnentlich arige- 

bomen Mangel des O.stium venosum dcr rechten Herzkammer, Ztschr, f, 
ration. Med. 24: 1-11, 1805. 0 wk, f. 

031. Sieveking, E, H. Congenital malformation of the heart. Absence of the riglit 

auriculo-ventricular orifice, patulous foramen ovale, defective intcrvcmtricu- 
lar septum, Tr, Path, Goc, lAmd. 5: 97-99, 1854. 9 wk, 

032. Wieland, Emil, Zur Klinik und Morphologic dcr angeborenen Tricu.spid- 

alatresie, Jahrb. f. Kinderh. 79; 320-343, 1914, 4 mo. f. 


3. Mitral stenosis — 6 cases 

0.13. Carmichael, .Tames. Congenital heart di.sease; patent ductus arterio.sus: mitral 
stenosis, Edinburgh Ho.sp. Eep, 2: 298-30.3, 1894. 3 f. 

0.t4. Donnally, H. H. Congenital mitral stcno.=i.«, .T. A, M. A. 82: 1318-132] 1924, 
57 hr, f. ' ' 

035. Pisher, Th, Congenital mitral stenosis in a child aged fifteen month.®, Hep, Soc. 

Study Di.s. Child. 2: 13-1,5, 1901-02. 15 rno. m, 

030. Labb/i, Marcel, Ketrdci.sserrient mitral pur et nanisme Pre.«se mOii lO- 497- 
499, 1908. 27 m. , -j. ju. 



BAUER and ASTBURY: BIBLIOGRAPHY OE 1,000 CASES 


715 


G37. Siimmoris, W. H. vide 174. Case 14, 1% f. 

63S. WillocTv, E. P. Pare form of congenital cardiac abnormality, Lancet 2: 1399- 
1400, 1923. 3 mo. m. 

4. Mitral atresia — 5 cases 

039. Blackmore, Edward. Keport of a singular case of malformed heart, Edinburgh 

Med. & Surg. J. 33: 268-273, 1830. 3% f. 

040. Lawrence, T. W. P. & Nabarro, David. A. case of congenital malformation of 

the lieart with abnormalities of abdominal viscera: absence of spleen, ab- 
sence of hepatic section of inferior cava, .T. Anat. & Physiol. 36: 62-75, 
1901-02. 14 wk. f. 

641. McIntosh, 0. A. Cor biatriatum triloculare. Am. Heart J. 1: 735-744, 1925-20. 

5 wk. m. 

642. Theremin, fimile. vide 318. Obs. 106, 2 days m. 

643. Wood, E. H. & Williams, G. A. vide 293. Case 2, 72 hr. m. 

XVI. ANOMALIES OF AURIGULOVENTRICULAR CUSPS 

1. Double orifices 

a) Of iricusind orifice — 1 case 

044. Lutz, J. J. Perforate po.sterior tricuspid leaflet (double tricuspid oritiee), 

Tr. Chicago Path. Soc. 13: 143-145, 1933. 43 m. 

b) Of mitral orifice — 8 cases 

045. Abbott, M. B. vide 85. Case p. 759-760 (2nd ed. 1915, p. 407-408; 1st ed. 

1910, p. 393-394), 5. 

640. Camisa, G. Zwei neue Fiille von Ostium atrio-ventricular sinistrum duplex, 
Centralbl. f. allg. Path. 23: 1027-1031, 1912. Case 1, adult f.; case 2, 53 f. 

647. Cohn, Isidor. IJeber doppelte Atrio-ventrikularcstien, Konigsberg thesis, 1896. 

21 pp. Abst. Centralbl. f. allg. Path. 8: 825, 1897. 71 m. 

648. Degen, K. W. A. Drei Falle seltner Missbildungen der Herzklappen (Mi trails, 

Tricuspidalis, Pulmoualis), Greifswald thesis, 1903. 41 pp, 22 f. 

649. Greenfield, W. S. Double mitral valve, Tr. Patli. Soc. Lond. 27: 128-129, 1876. 

28 m. 

650. Pisenti, G. Di una rarissima anomalia della tricuspide, Ann. d. Univ. libera 

di Perugia. Pac. med.-chir. 3: 107-116, 1887-88. 55 m. 

051. )Stuhlweissenburg, 0. Ostium atrioventricmlare .sin. duplex, Centralbl. f. allg. 
Path. 23 : 342-348, 1912. 36 f. 

2. Insufficiency or defect 

a) Of tricuspid valve — 5 cases 

652. Abbott, M. E, & Weiss, Edward, vide 285. Case p. 484-485, 16 ni. 

653. Arnstein, Alfred, Eine seltene Missbildung der Triku.spidalklappe (‘^Eb- 

steinsche Krankheit"), Virchow’s Arch. f. path. Anat. 266: 247-254, 3927. 
20 f. 

654. Geipel, Paul. Missbildvmgen der Tricuspidalis, Virchow’s Arch. f. path, Anat. 

171: 298-334, 1903. Case 3, 15 m. 

655. Hotz, A. ' IJeber angeborene Trikuspidalinsufiizienz, Jahrb. f. Kinderh 102- 

1-12, 1923. Case 1, 13 f.; ease 2, 12 m. 

b) Of mitral valve — ^ cases 

656. Ariel, M. B. Ein selteuer Fall von angeborenem Herzf elder bei einem Neuge- 

borenen, Virchow’s Arch. f. path. Anat. 277: 501-506, 1930. 2 days m. 

657. Enzer, FTorbert. Personal communication. 14 f. 

XVII. PATENT, DUCTUS ARTERIOSUS 

1, Simple patency — 92 cases 
, 658. Abbott, M. E. vide 215. Case 4, 33 m. 

.659, de Almagro, Manuel, ^itude clinique et anatomo-pathologique sur la persistance 
du canal arteriel, Paris thesis no. 63, 1862. 120 pp. 19 f. 
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()(i0. Bemutz, G, Be la persi.“tarice clu canal artcriei,. Arch. gen. do indd. 20: 415- 
435 / 1849. 23 ni. 

G61. BoMero, H. E. A. & Bedford, D. E. Infective endocarditis in congenital heart 
disease involving the pulmonarj- arterj', Lancet 2: 747-749, 3924. 29 ni. 
002. Bommer, Max. Ueher ofFenen Ductus arteriosus Botalli, Freiburg thc.sis, 1900. 
29 X)p. 37 days m. Alxo 2 nfiFCS quoted here (original .source not located), 
36 m., 13 f. * 

603. Brooks, Clyde. Pcr.sistent patency of the ductus arteriosus Botalli in the dog, 
Arch. Int. Med. 9 : 44-54, 1912. 

004 Buchwald. Aneurysma des Stamraes der Arteria pultnonalis, Deut,«che nied. 
Wchnselir. 4: 13-15, 25-28, 1878. 21 f. 

005. Carpenter, George. Congenital morbus cordis — patent ductus arteriosus; 
aortic valves bicuspid; right heart dv.'arfed, Proc. Boy. ,Soc. Med. 2, jjt, 1, 
Sect. Dis. Child.: 163-105, 1909. 3 mo. f, 

000. . A fatal case of icterus neonatorum — microscopical change.s in the liver, 

Proc. Hoy. Soc. Med. 2, pt. 1, Sect, Dis. Child.: 172-177, 3909. 19 days f. 

007. Caylor, . H. D. Patent ductus arteriosus and saccular aneurysm of the aorta, 

Tr. Gliicago Path. Soc. 10: 290-299, 3918. Adult f, [Same case as 
095.] 

008. Chessman, F. X, A congenital heart lesion, Proc. Xou' York Path. Soc. 5: 

68-72, 1905. 22 mo. m. 

009. Clievcrs, Xorman. Permanence of the ductus arteriosus, and constriction of 

the thoracic aorta and on the means by which the duct becomes naturally 
closed, Lond. Med. Gaz. 1: 187-192, 1845. Adult f. 

070. Coupland, Sidnej'. Congenital malformation of the heart — ^patent ductus ar- 
teriosus, defect of the ventricular .^cpitum, cyanosis, facial erysipelas, peri- 
carditi.s, death, Med. Times & Gaz. 2: 501-50*3, 1884, 31 m. 

073. Crooks, T. T. Patent ductus arteriosus complicating acute anterior jmlioiuyeli- 
tis, Tr. Chicago Path. Soc. 11 : 361-303, 1923. 8 f. 

072. Crouzet. Per.sistance du canal artdriel. Bull. Soc. anat. dc Paris 34; 323-325, 

1870. 10 f. 

073. Darier, J. Persist ance du canal artdriel cliez une femme do 51 an.s. Bull. Soc. 

anat. de Paris 00; 55-58, 1885. 51 f. 

074. Drasche. Ueber einen Fall von Persistenz dcs Ductus arteriosus Botalli, IVicn. 

Win. Wchnsdir. 11; 1195-1397, 3898. 29 f. 

675. Dumo, Leslie & Bromi, M'. L. A case of di.«seeting aneuryrsm of the pulmonary 
artery; patent ductus arteriosus; rupture into the pericardium, Lancet 1: 
1093-1694, 1908. 33 m. 

076. Duroziez, P. Memoire sur la per.ristance du cjinal arttiriel sans autre com- 
munication anormale, Coinpt. rend. Soc. de biol. 14: 279-292, 1802, Ca.^e 1, 
_ ^ 40 m. 

07/. Fagge, C. H. Case of jjutent ductus arterio.ms attended with a peculiar di- 
„ astolie murmur, Guy’s Hosp. Rep. 18: 23-30, 3873. 45 f. 

I/O. J-oulis, .James. On a case of patent ductus arteriosois with aneurysm of the 
r~o artery, Edinburgh Med. J. 30; 17-33, 1883-84. 22 f. 

J/.. Iranck, Francois. Sur le diagnostic de la per.sistance du c.'inal artf'riel, Gaz, 
r. 588-589, 1878. 2. 

ji, t. Ganpuy. Persi.stance du canal arteriel n’ayant entraine aucun trouble pendant 
28 ans mort rapide a 1 ’occasion d’un accouchement. Bull, et mem. Soc, 
e<2i n 1907. 28 f. 

81. Gauchery, P. Communication congenitale directe dc I’aortc ct de I’artcre 
pulmonaire, aii niveau dti canal arteriel, avee eetasie dc I'artere puirnonaire 
et endocardite pulmonaire. Bull. Soc. anat. de Paris 73: 252-257, 1898, 
fco ^ f-'^ntralbl. f. ullg. Path. 11: 70, 1900. 27 f. 

)o_. Gerfiardt, ('. Persi.stenz der Duetu.« urtorinyuf-' liotulli, .Tenaische Zt,“chr, f. 
/■Q'l ^'a^urivisFenscli. 3: 10,5-117, 1867. 0 f. 

08 ... Gibson, G. A. Persistence of tbe arterial duct and its diagnosi.«, Edinburgh 
^led. J. S: 1-10, 1900. 31 f, 

1-4. Gordon, Harry & Perla, David. Subacute bacterial cndartcriti.“ of pulmonary 
artery associated with patent ductus arteriosus and Tiulinoriam- steno.i-is. 
ro- J- Child. 41: 98-109, 1933. 33 m. 

oso. Greenhow, E. H, Case of x/hthi.sis and patent ductus arterio.ms attended hv a 
rQr r. ^o^rmurs, Tr, Clin. .Soc. Lond. 9: 1.52-155, 1876, 17 f. 

' - h Crnmtn, r. ^ Two caFe?i of patenev of Die fluctiis artenosun, Quart, J, Me/). 
8: 191-200, 3914-15. Case 1, .32 L 

/. E, W. Three cjij-ec of patent ductup arteriopup, Arch. Middlcftex Hosp, ZJ : 

191Z, Case 1, 2 v/k. m.; case 2, 2 wk. f.j case 3, 5 v/k. f. 
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(i88. Hamilton, W. F. & Abbott, M. E. Patent ductus arteriosus vritli' acute infective 
pulmonary endarteritis, Tr. Ass. Am. Physicians 29 ; 29i'30S, 1914. 19 f . 

689. Hare, 0. J. Malformation of the heart. Obstruction at the aortic orifice (only 

two valves). Open ductus arteriosus, Tr. Path. Soe, Lond. 11: 46-47, 3 860. 
6 mo. m. 

690. Hart, Carl. Elcerdso Endokarditis mit Betheiligung des olfenen Ductus Botalli, 

Virchow’s Arch. f. path. Anat. 177: 218-227, 1904. Case 1, 23 m.; case 2, 
24 f, 

691. HayasM, A.: vStauungslungc bei Offenbleiben des Ductus Botalli, Monatschr. f. 

Kinderh. 11: 224-229, 1913. Case 2, 10 mo, f. 

692. Hewitt, Graily. Persistent ductus arteriosus, etc., Tr. Path, Soe, Lond. 9: 

58-59, 1858. 3 mo. 

693. Hochliaus, Heinrich. Beitrage zur pathologic des Herzens, Deutsches Arch. 

f. klin. Med. 51: 1-25, 1893. 24 m. 

694. Harder, T. J. See 237. Case 2, 42 f. 

695. Hubeny, M. J. Eoentgen diagnosis of patent ductus arteriosus with a report 

of a case complicated by presence of saccular aneurysm (ruptured). Am. 
J, Eoentg. 7: 23-26, 1920. 36 f. [Same case as 667.] 

696. Josefson, Arnold. [Olfenstehender Ductus Botalli nebst Atherom in den Asten 

der Arteria pulmonalis], Nordiskt med. Ark. 7, no. 10: 1-12, 1897. Abst. 
Centralbl. f. inn. Med. 24: 634, 1898. 66 f. 

697. Kaulich. Offenes Foramen ovale, oflrener Ductus Bolalli, Tod durch allgemeincn 

Hydrops, Vierteljahrsschr. f . d. prakt. Heilk, 7.3 : 92-93, 1 862. 27 f . 

[Appears twice on chart.] 

698. Kidd, Percy. Embolic aneurysm of the pulmonary artery; infective aortic 

valvulitis, aortitis, and pulmonary endarteritis; patent ductus arteriosus, 
Tr. Path. Soc. Loud. 44: 47-48, 1893. 22 f. _ 

699. Kingsley, C. R. A case of congenital deformities (patent ductus Botalli; 

absence of loft kidney and chronic peripheral edema), Jolms Hopkins Hosp. 
Bull. 22; 56-57, 1911. 5 mo, f. 

700. Krzyszkowski, Josef. Aneurysma des Stanimes der Pulmonalarterie und mul- 

tiple Aneurysmen ihrer Verastelungen bei Persistenz des Ductus Botalli, 
Wien, klin, Wchnschr. 15; 92-95, 1902. IT f. 

701. Luys. Persistance du canal arteriel chez une femme ague, sans communication 

a travers la paroi, soit infcrauriculaire, soit interventricnlaire, du coeur, 
Compt. rend, Soc. de biol. 7 : 74-76, 18.56. Adult f, 

702. !Mead, K. C. Persistent patency of the ductus arteriosus; degeneration of the 

cardiac muscle and coronary arteries, and of the sino-auricular bundle, fol- 
lowed by rupture of the right ventricle, J. A. M. A. 55: 2205-2210, 1910. 
26 f. 

703. Moench, G. L. Aneurysmal dilatation of the pulmonary artery with patent 

ductus arteriosus; death from rupture of aneurvsm into pericardial sac, 
J. A. M. A. 82; 1672-1673, 1924. 29 f. 

704. Motzfeldt, Ketil. Drei Falle von offenstehendetn Ductus arteriosus Botalli, 

Deutsche med. Welmsehr. 39: 2037-2039, 1913. Case 1, 32 m.; case 2, 35 
m. ; case 3, 55 f. 

705. Munro, J, G. Ligation of the ductus arteriosus, Ann. Surg. 46: 335-338, 1907. 

Infant f. 

706. Murray, H. M. Two cases of malformation of the heart, Tr. Path. Soc. Lond. 

39: 67-71, 1888. Case 1, 36 f. 

707. Pallasse & Chanaleilles. Persistance du canal arteriel chez un homme de 47 

ans, Lyon mdd. 145: 373-377, 1930. Abst. Arch. d. mal. du coeur 23: 66.3, 

1930. 47 m. 

708. Peacock, T. B. vide 16. Case 16, p. 123-129, SO m. 

709. Philpott, N. W. Two cases of cardiovascular anomaly. I Vegetative pul- 

monary endarteritis complicating persistent ductus, II Hj-poplasia of aorta 
Ann. Int. Med. 2: 948-962, 1928-29. Case 1, 6 f. ’ 

710. Reid Jolm. Pour cases of aneurysm of the arch of the aorta and a case of 

diaphragmatic hernia, Edinburgh Med. & Surg. J. 53: 95-112, 1840. Case 3. 
60 m. 

711. Rickards, Edwin. Clinical lecture on a case of ulcerative endocarditis Brit 

Med. J. 1; 640-642, 1889. 17 m. 

712. von Rokitansky, C. P. vide 316. Obs. 13, 24 f.; obs. 15, 22 f.; obs. 16 21 

m,; obs. 17, 43 m.; obs. 18, 23 f. ’ ' 

713. Sachs, Richard. Zur Gasuistik der Gefasserkrankungen, Deutsche med Wcliu- 

, schr. 18; 443-447, 1892. Case 3 21 f. -cm 

714. Sanders, Open ductus arteriosus, Edinburgh Med. J, G: 77, 1860-61. 4 mo. 
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715. Sclilaepfer, Karl. Ohronie and acute arteritis of tlic iinlmonary artery and of 
the patent duetu.s arterio.sus. Arch. Int. Med. 37: 473-488, 1920. 8 in. 
71G. Schlagenhaufer, Friedrich. Ein Fall von Influenza-Endocarditis dcr Aorten- 
klappen und des offenen Ductus Botalli, Ztschr. f. Heilk. 22; 19-28, 1901. 
13 m. 

717. Schnitzler, Johann. Klinische Beobaclitungen Uber Per.sistcnz de.s Ductus 

arteriosus Botalli, Ztschr. d. k. k. Gescllsch. d. At/Ac in AVicn 20; 128-13G, 
1864. 43 f. 

718. von Schrotter, Hermann. Ueber cine seltene Ursache oinseitiger Eecurrens- 

liihmung zugleich ein Beitrag zur Symptornatologie und Diagnose des 
offenen Ductus Botalli, Ztschr. f. klin, Aled. 43: 160-170, 1901. 15 f. 

719. Sommer, Hermann. Kasuistische Beitrilge zur xiathologischc Anatomic des 

Herzens, Frankfurt. Ztschr. f. Path. 5: 89-lOG, 1910. Case 3, 45 f. 

720. Stoddard, .T. L. A case of open ductus arteriosus with necropsy. Arch. Int. 

Med. 16: 38-53, 1915. 17 f. 

721. Summons, W. H. viHe 174. Case 12, 2 f.; case 17, cat. 

722. Terplan, K. Mycotisches Aneur^-sma des Stammes der Pulmonalarterie mit 

Endarteritis des offenen Ductus Botalli bei einem Falle von Endocarditis 
lenta, Med. Klin. 20: 1331-1332, 1924. 35 f. 

723. Thomson, John & Drummond, IV. B. vide 17G. Case 1, 17 f.; case 2, 3 mo. f. 

724. Tremble, W, H. & Larsen, It. M. Case of patent ductus arteriosus with pri- 

marv bacterial pulinonarv endarteritis, .\m. Heart .T. G: 55.5-5G0, 1930-31, 
15 f. ‘ 

725. IValsham, IV. .T. Unobliteratcd ductus arteriosus without other malformations 

of the heart and great vessels from a man .aged forty-seven, Tr. Path. Soc. 
Bond. 28: 43-44, 1877. 47 m. 

72G. IVasastjerna, S. 0. Tuenne fall af iippen Ductus Botalli, Fimska lakaresUlls- 
kapet. Hand!. 10: 235-240, 1874. Case 1, 13 L; case 2, 30 m. 

727. Weber, F. Beitrilge zur pathologi.schen Anatomic der Xeugebomen, Kiel, 

Schroder, 1851. 3%’. 2 ca.ses, v. 2, p. 39-40, 3 mo., 1% f. 

728. Weber, F. P. Patent ductus arterio.sus without murmur, Proc. Hoy. Soc. Med. 

2, pt. 1, Sect. Dis. Child,; 193-194, 1909. OVa wk. m. 

729. Wells, H. G. Persistent patency of the ductus arteriosu.s, .\m. J. Afcd, Sci. 

130: 381-400, 1908. 42 m. 

730. . Persistent patenej* of the ductus arterio.su.s Botalli, Tr. Chicago Path. 

Soc. 11: 290-292, 192.3. 50 m. 

731. Wliite, P. D. Patent ductu.s arteriosus in a woman in her sixtv-.si.\'th vear, 

•T. A. M. A. 91: 1107-1108, 1928. 00 f. 

7.32. Mliite, W. H. Patent ductus arterio.“u.« Tr. Path. Soc. Lend. 30; 182-183, 
1885. .53 m. 

7.13. Willigk, Artur. 'W;.- t-- .-f-. . . Puctus arteriosus Botalli, Vierteljahrs- 
schr. f. d. prakt. C 18-54. 7 m. 


734. 

735. 
7.36. 

737. 

738. 

739. 


2. So-eallcd aneurysm — 13 cases 

Gru^r, E. P. .y, Ueber einen F.'ill von Aneurysma des Ductus arteriosus 
Botalli mit Parietalthrombus der Aorta, Freiburg thesis, 1904. 44 pp. 

1% rno. f. 

Hebb, H. G. .Aneurysm of ductus arterio.sus and atheroma of nulmonari' artery, 

ry^4.u c»-._ T 1 ^ • 


Bond. 44; 45-47, 1893. 4 
Liitlieh. Zwei praktisch-wichtige Gefiissano 

-I CfTTZ n ^ t At ^ 


40 m. 


If rzv ill* 

. Gefiissanomalien, Arch. d. Heilk. 17; 70-90, 

1875. Ca.se 2, 14 days f. 

Boeder, H. Idn Fall eines solid thrombirlcn Dilatations-Aneurv.-'ina des Ductus 
arterio.sus Botalli, Virchow’s Arch. f. path. Anat. IGG; 513-526. 1901. 10 
days m. 

Ihore^fil.c. De I’anevn-srne du canal arteriel, Arch. gen. de mcd. 23: 30-39, 
1850. Case 1, 9 days f.; ca.se 2, 13 days rn.; case 3, 11 day.s m.; ca.w* 4, 
8 days f.: case 5, G days rn.; ca.se G, 5 davs m.; case 7. 12 driy.^ m.; case 8, 
1 mo. m. 

1 OSS, Max. Ein Aneury.sma des Ductus arterio.'-us Botalli, Kiel the.sis, 1900. 
18 pp. 1-r, mo. m. 


3. Absence of ductus arteriosus — no cases 
-XVIII. COARCTATION OP THE AORTA 
1, Adult type — 70 cases 

i-if). Abbott, Af, E, fc Hamilton, W. F. Complete obliteration of the de.'-cending arch 
at jn.*-ertion of the ductus in a boy of fourteen: bicusjiid aortic valve: 

cerebral death. Am. Heart ,B 3: 381-421, 
192/ -28. 14 ra. ' ’ 
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741. Anderson, R. G. A case of coarctation of the aorta, St. Bartholomew's Hosp. 

J. 3G ; 18-19, 1928-29. 44 m. 

742. Andrcesen, R. Zur ^lorphologie nnd Pathogencse der Istlunusstenose der Aorta, 

Beitr. z. path. Annt. ii. z. allg. Path, 82: 433-442, 1929. Case 1, 47 m. 

743. Babington, B. G. Cyanosis dependent on patent ductus arteriosus with disease 

of the aortic valves, etc., Tr. Path. Soe. Bond. 1: 55-58, 1848. 34 f. 

744. Barker, T. A. Case of imperforate arch of the aorta in which the root of the 

aorta was ruptured, Med.-Chir. Tr. (Bond.) 43: 131-136, 1860. 24 in, 

745. Bode, 0. B. & K^opj P- TJeber Aorten-Isthmus-Stenose mit Beitrag zweier 

weiterer Fiille, Deutsches Arch. f. klin. Med. 163: 298-308, 1929. Case 3, 
54 m. 

746. Church, Williara. Report of a case of ichthj-osis; with congenital malformation 

of the aorta, St. Bartholomew’s Hosp. Rep. 1: 198-200, 1865. 15 f. 

747. Deckner, Iv. Atresie der Aorta in Hohe des Ductus Botalli bei siebzigjfihriger 

Frau, Beitr. z. path. Anat. u. z. allg. Path. 82: 172-177, 1929. 70 f. 

748. Degen. Persistonz des Isthmus aortae. Tod durch Euptur der Aorta, Deutsches 

Arch, f . klin. Med. 3 : 614-615, 1867. 28 f . 

749. Fawcett, John. Coarctation of the aorta, Guy’s Hosp. Rep. 59: 1-19, 1905. 

Obs. 2, 45 m.; obs. 3, 45 f. ; obs. 5, 41 f. ; obs. 6, 64 m.; obs. 11, 17 f.; obs. 
12, 26 m.; obs. 13, f.; obs. 14, 40 f.; obs. 15, 21 m.; obs, 16, 33 m.; obs. 
17, 38 m.; obs. 18, 2%. 

750. Focken, Ernst. Isthmusstenosc der Aorta und septische Endokarditis, Ztschr. 

f. klin. Med. 100: 179-189, 1924. Case 1, 20 m.j case 2, 18 f. 

751. Follet & Caille, E. Bur un cas de stenose totale do 1 ’aorte tlioracique. Arch. 

d. mal. du coeur 14: 207-211, 1921. 17 m. 

752. Goldblatt, H. Report of a case of coarctation of the aorta at the isthmus 

with dilatation and rupture of the ascending portion of the arch, Bull. 
Int. Ass. Med. Museums 8; 184-187, 1922. 38 m. 

753. Goodhart, J. F. Co-arctation of the aorta below the loft subclavian, Tr. Path. 

Soe. Bond. 26: 68-74, 1875. Case 1, 27 m.; case 2, 37 m. 

754. Green, F. H. K. ‘ ' Congenital ” aneurysm of the cerebral arteries, Quart. J. 

Med. 21: 419-432, 1927-28. Case 3, 21 m. 

755. Haiiin, A. Strictur der Aorta, Virchow’s Arch, f, path. Anat. 5: 273-274, 

1853. 56 m. 

756. Hertel. Ein Pall von angeborener Aortenstenose, coraplicirt mit InsufBcienz 

der Aortenklappen, mit Bemerkungen iiber Sklerose des Aortensv.stems, 
Berlin, klin. Wchnsehr. 8: 337-340, 1871. 38 m. 

757. Jones, Sydney. Case of complete obliteration of the thoracic aorta, Tr. Path. 

Soc, Bond. 8: 159-163, 1857. 45 m. 

758. Jordan, F. B. J. & ter Haar, F. T. Ein Pall von volkommenein Versclduss der 

Aorta thoracica, Anat. Anz. 66: 24-30, 1928. Adult m. 

759. Jordan, Joseph. A case of obliteration of the aorta, North of England Med. 

& Surg. J. 1: 101-104, 1830-31. 21 m. 

760. Kretz, Richard. Ein seltener Fall von Stenose am Isthmus der Aorta, Wien. 

klin. Wchnsehr. 8 : 24-25, 1895. 20 m. 

761. Be Count, E, R. Occlusion of the aortic arch at the isthmus — coarctation 

aortae, Tr. Chicago Path. Soc. 9: 88-92, 3915. 42 m. 

-762. Begg, J. W. Obliteration of the aorta; dissecting aneurysm; two semilunar 
aortic valves, Tr. Path. Soe. Bond. 29: 65-68, 1878. 20 m. ' 

763. Bibman, E. Congenital stenosis of the aorta at the isthmus, Proc. New York 

Path. Soc. 2: 20-24, 1902. 63 m. 

764. Boeper & Marchal, G. Un cas d ’impermeabilite congenitale de I ’isthme aortique 

complique d’endocardite maligne, Bull, ct mem. Soc. med. d. hop. de Paris 
46: 1190-1192, 1922. 18 m. 

765. Biittich. vide 736. Case 1, 26 m. 

766. McGill Museum. 63 f. 

767. Martens, Gustav. Zwei Falle von Aortenatresie, Virchow’s Arch f path 

Anat. 121: 822-335, 1890. Case 1, 24 f. 

70S. Monckeberg, J. G. Einige Komplikationen bei angeborener Stenose des Isthmus 
- der Aorta, Verhandl. d. deutschen path. Gesellsch. 11: 267-274, 1907. Case 
.1, 50 m.; case 2, 26 f. - 

769. Moon, E. 0. A case of congenital stenosis of the aorta, Baneet 1- 1531-1539 

1912. 20 m. ■ ■ ■ 

770. Moore, Norman, vide 452. Case 1, 57 m. 

771. Muriel, William. Case of contracted aorta, Guy’s Hosp. Rep. 7: 443-444 1849 

25 m. " ’ 
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772. Obemdorfer S. Demonstration einer Aortenruptur bei kongenitaler Aorten- 

stenose Vcrbandl. <1. deutsehen path. GesellFch. H: ?A5>-?A7, 1910. 3.5 ra. 

773. Pappenheimer, A. M. Bteno.sis of the aorta at the juncture of tlie isthmus, 

Proc. New York Path. Soc. 5; 177-180, 190.5. Adult ra. 

774_ , A case of .stcno.sis of the arch of the aorta, Proc. New York P.'tth. Hoc. 

6: 95-9G, 1900. 04 m. 

775. Peacock, T. B. Open ductus arterio.sus, Tr. Path. Soc. Lond. 13: 3S-.39, 1802. 
30 m. 

770 Po-vTiton, r. J. & Sheldon tV. P. H. ‘ Coarctation of the aorta with ulcerative 
■ aortiti.s, Arch. Di.s. Child. 3 : 191-193, 1928, 8 ra. 

777. Keifenstcin, B. W. Two cases of mycotic aneurysm, gonococcal and pneumo- 

coccal in origin, Am. .1. Med. Sci. 108: 381-388, 1924, 10^,4 m, 

778. Rej-naud, A, Ob.‘-ervation d'une obliteration prcsque complete de I’aorte, 

’ Buivie de quelque.s reflexions et preeedde de Vindication des faits analogue.s, 
consignees dans les auteur.s, J, hebd. de med. 1: 101-175, 1828. 92 ra. 

779. Ecisler, H. Beitragc sur Lehre von den angeborenen Herzfehlem; Dnter- 

Buchungen an zwei Fallen von Isthmusstenose der Aorta, Wien. Arch. f. 
inn. Med. 15: 521-538, 1928. Case 1, 45 ra. 

780. von Rokitansky, C. F. -vide 316. Obs. 19, 27 ra.; obs. 20, 25 m.; obs. 21, 57 ra. 

781. Rosenstein, Siegmund. Beitrag zur Kcnntniss vom Zusaminenhangc zwischen 

Hcrz- und Nierenkrankheitcn, Virchow’s Arch, f. path. Anat. 12; 271- 
292, 1857. 30 ra. 

782. Bcheiber, S. H. Ucber einen Fall von Obliteration der .Aorta, entsprechend 

dem Ductus arteriosus Botalli, Virchow's Arch, f, path, Anat. 20: 218-220, 
1863. 41 TO. 

783. Selim Hugo, Aortenruptur und Aortenaneui-j-sma bei Aortenstenose am 

Isthmus, Bcitr. z. path. .fVnat. n. z. allg. Path. 49: 501-528, 1910. Case 1, 
43 ra.; case 2, 26 m, 

784. Smith, F. M. & Hau.smann, 6. H, Mvcotic aneurysm of the aorta, Arch. Int. 

Med. 38: 307-373, 1926. 17 m. ' 

785. Strassner, Horst. Ein Fall von volliger Obliteration der Aorta an der Ein- 

miindunge.stelle des Ductus Botalli, Deutsches Arch, f, klin, Med. 95: 
344-352, 1909. 36 ra. 

786. Thomson, A, P, & Lamb, F, W. M. A case of coarctation of the aorta. Arch. 

Dis. Child. 4; 377-380, 1929. 5J/4 f, 

787. Wadstein, Emil. Oni stenos och obliteration af aort.'i vid cHer i narhcten af 

ductus Botalli, Lund thesi.s, 1897. 121 pp. 17 m, 

788. Vasastjema, Evert. Ein Fall von Aortaruptur nach fSchlittschuhlaufen bei 

einem scheinbar gesunden I3iahrigen Knabcn, Ztschr, f. klin. Med. 49: 
405-410, 1903. 13'm. 

789. West, G. R. Ca.*^ of steno.sis of the aorta, Aled. ,T. Australia 2: 195-196, 1919. 

50 m. 

/fiO. Wliite, W'. H, A case of coarctation of the aorta, Tr, Path, Soc. Lond- 30: 
_ 178-182, 1885. 40 m. 

/91. Wilks, Samuel, Constriction of the thoracic aorta, Tr, Path. Soc. Lond, 10: 
77-79, 1859. 22 m. 

792. "Wood, John, An injected preparation of a specimen of obliteration of tlie 
thoracic aorta, Tr. Path. Soc. Lond. 10: 97-99, 1859. Adult m. 


793. 

794. 


795, 

790. 


797. 

798. 


des Ductus 
m. 


2. Infantile type — 9 cases 

de Barv-, .1. Verengerung der Aorta an de:' 

Botalli, Virchow's Arch. f. path, Anat. 31 : ■, '■■ ■ m. 

Clievers, Norman. Case illustrating the carlic.=t stage of the malformation u.su- 
ally known as distribution of the descending aort;i from the pulmonarj- 
artery, Tr. Path. Soc. Lond. 1: .5.5, 1848. 8 hr. 

lawcett, John, ride 749. Obs. 1, 5 ino. f,; obs. 4, 10 hr. f. 

Lambert, R. A. Anomaly of heart and aorta; multiple defects with stenosis 
of aortic arch and pulmonarv' arterv Ijceorning descending aorta, Bull, 
^ Int. Ass. Med. Museums 8; 177'-183, 1922, 20 day.s rn, 

Pansch, K. C. P. Ueher Stenose des I.stlimus aortae init gleiehzeitiger Per- 
sisfenz des Ductus arteriosus Botalli bei Neueeborenen. Giessen thesis, 
190.5. .36 pp, 5 day.s m. 

Preisz, Hugo. Theilweise Obliteration des Aortenbogens und zwei Defecte in 
der Kammerscheidewand eines Herzens, Jahrb, f, Kinderh. 33: 40-46, 1892. 
I days m. 
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799. Eauclifuss, C. Ein Fall von Stenose der Aorta an der Einmundungsstelle 

des Ductus arteriosus bei einem dreiwoclientlichen Kinde, Virchow's Arch, 
f. path. Anat. 18: 541-546, 1860. 3 wk. in, 

800. Bees, Gr. A. The heart of a child, presenting an open state of the ductus 

arteriosus, Tr. Path. Soc. Lond. 1: 203-204, 3848. 10 wk. m. 

3. Pulmonary artery forms descending aorta — -6 cases 

801. Barlow, Thomas, vide 618. Case 2, 3 mo. f. 

802. Bergniann, A. Angeborene Atresie des Lsthmus aortae koiubiniert mit Mitral- 

stenose bei einem fiinfeinhalbjahrigen Kind, Arch, f, Kinderh. 67 : 44-56, 
1919. 5.^ f. 

803. Dick, G, P. Anomalous fetus, with bipartite uterus and single fused kidney, 

Tr. Chicago Path. Soc. 6; 131-134, 1906. Fetus. 

804. Fraser, Alexander, vide 580. Case 2, 6 da3-s m. 

805. Hicks, J. "W. hlalformation of aorta and pulmonary artery, Tr. Path. Soc. 

Lond. 15 : 85-87, 1864. 4 days f. 

806. Kohl, Ludwig. Ein Fall von kongenitalcr Missbildung des Herzens, Centralbl. 

f. allg. Path. 20: 1089-1093, 1909. Newborn f. 

XIX, HYPOPLASIA OF THE AORTA — 2 CaSGS 

807. Apelt, F. ITeber die allgemcine Enge des Aorta-s3'.stems, Deutsche med. 

Wchnschr. 31; 1186-1189, 1905. Case 1, 20 m.; case 2, 17 m. 

XX. ANOHALIE.S OF AORTIC ARCH 

1. Douhle aortic arch — 5 cases 

808. Curnow, John. Double aortic arch enclosing trachea and oesophagus, Tr. 

Path. Soc. Lond. 26 : 33-37, 1875. 87 f. 

809. Hamdi, Ein seltcne Aortenanonialie, Deutsche med, Wchnschr. 32: 1410-1411, 

1906. 45 f. 

810. Harris, H. A. A foetus presenting a combination of rare anomalies, J. Anat. 

& Physiol. 57: 76-95, 1922-23. 27 wk. fetus m. 

811. Herrmann, Walter. Double aortic arch, Arch. Path. 6: 418-425, 1928. 6 mo. f. 

812. Eoschdestwenshij, K. G. Der doppelte Aortenbogen, Anat. Anz. 68: 145-151, 

1929. 55 m'. 

2. Bight aortic arch — 14 cases 

813. Annan, J. L. A case of an abnormai sinuous aorla, J. Anat. & Phvsiol. 44: 

- 241-243, 1909-10. Adult. 

814. Arkin, A. Totale Persistenz des rechten Aortenbogens im Eontgenbild, Wien. 

Arch. f. inn. Med. 12: 385-416, 1926. 50 m. 

815. Combes, E. H. & Christopherson, Cecil. Transposition of the aortic arch St. 

Bartholomew 's Hosp. Eep. 20 : 273-277, 1884. Fetus. ’ 

- 816. Gainer, Charles & Villemin, Fernand. Sur un cas tres rare de malformation 
congenitale des gros vaisseaux de la base du coeur chez un foetus humain, 
Compt. rend. Soc, de biol. 67 ; 848-849, 1909. Fetus f . 

817. Ghon, A. Ueber eine seltene Entwicklungsstorung des Gefasssystems, Verhandl. 

d. deutschen path. GeselLsch. 12 : 242-247, 1908. 41/2 mo. f . 

818. Gruber, Wenzel. Gefass-, (Nerven-, und Muskel-) Anomalien— -Fremde Korper, 

Vierteljahrsschr. f. d. prakt. Heilk. 1: 78-81, 1846. 8 days f. 

819. Harris, H. A. & Wlutney, Caroline. The heart of a child aged nineteen months 

presenting right and left aortic arches, with multiple anomalies of the 
heart and great vessels, Anat. Eec. 34 : 221-232, 1927. 19 mo. m. 

820. Hurley, L. E. & Coates, A. E, Case of riglit-sided aortic arch and persistent 

left superior vena cava, J. Anat. & Phj-.riol. 61 ; 333-339, 1926-27. 53 f. 

821. Jex-Blake, A. J. & Keith, Arthur. Obstruction of the oesophagus caused by a 

persistent ductus arteriosus, Lancet 2: 542-544, 3926. Young dog m. ^ 

822. Lockwood, C. B. Eight aortic arch, Tr. Path. Soc. Lond. 35: 132, 1884. Fetus. 

823. McGill Museum. 61 f. 

824. Eeid, D. G. Three examples of a right aortic arch, J. Anat. & Physiol. 48- 

174-381, 1913-14, Case 1, adult; case 2, adult; case 3, adult. 
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3. Absence aortic arch — 3 cases 

825. Guspar, 1. Two of the rarer congenital anomalies of the heart, Am, .T. Path. 

5: 28.5-294, 3929. Case 1, G mo. f. 

826. Hayashi, A. vide 091. Case 1, 0 days ni. 

827. McGill Mu.seum. 1 day f. 

4. subclavian from descending aorta — 5 cases 

Barwell, Richard. Abnormal origin of arterie.s from the aortic ftrcli, Tr. Path. 
Soc. Lond. 18: 08, 3807. 

829. Dolgopol, V. B. Anomalou.s origin of the right suljclavian from the de.scend- 

ing arch of the aorta, .T. Tech. Methods 33: 332-338, 1934. .36 f. 

830. Peacock, T. B. Aneuri.sm of the arch of the aorta proving fatal by pressure 

on the left recurrent nerve; irregular origin of the large vessels, Tr. P.ath. 
Soc. Ivond. 21: 134-130, 1870. 44 m. 

833. Wood, John. Two specimens of abnormal origin of the right .subclavian ariery, 
Tr. Path. Soc. Lond. 10: 119-328, 3859. 2 case.s. 

5. Left subclavian from ductus arteriosus or pulmonary artery — 1 case 

832. Holst, P. Maorkvaerdige Afvigel.^er i Hjerfets og dets storre Blodkar.s 

Dannclse; cn Aorta uden Artcri.a subclavia sinistra, Eyr ('Christiana) 7: 
230-244, 1832. .5 f. 

6. Common brachiocephalic trunlo — 2 cases 

833. Bard, L. Pseudo-retrecis.“eracnt aortique par anornaiic d ’origine des troncs 

sus-aortique.s, Arch, d, mal- du coeur 7: 309-375, 1914. 38 m, 

834. Freyberger, Ludwig. Anomalous truncus brachiocephalicus a.s.sociated with 

aortic incompetence and .symptoms simulating aneuTTsm, Tr. Path. Soc. 
I^ond. 49: 44-40, 1898. 20 f. 


XXI. AXO.MArX)U.S COROXARri:.S 


835. 

830. 

837. 

838. 

839. 

840. 

841. 


1, Origin from pidmonary artery — 8 cases 

AbrikossolT, A, Aneurj-.sma des linken Herz^'cntrikcls init abnormcr Abgang- 
stelle der linken Koronararterie von der Pulmonalis bci cinern filnfmonat- 
lichen Kinde, Virchow's Arch. f. path. Anat. 203: 413-420, 1911. 5 ino. f. 

Brooks, H. St. .L Two cases of an unusual coronary artery of hcJirt arising 
from pulmonary arteiy-, .T. Anat. & Physiol. 20: 20-29, 3880. Case 3, 
adult; case 2, adult m.* 

Heitzniann, Otto, Brei scltene Falle von Hcrzmissbihlung. Virchow's Arch, 
f. path. Anat, 223: 57-72, 3937. Case 3, 3% mo. f. 

ICiyokawa, Wataru. Anomalie der linken Kranzartcrie des Herzens und. ihre 
Polgen, Virchow's Arch. f. path. Anat, 242: 34-23, 3923. Infant, 

Hrause, V , Ueber den Ur.«prung einer aece.'^sorisclien Arteria coronaria aus 
dcr Arteria pulmonalis, Zt.‘:chr. f, ration. Med. 24: 225-227, 3805, 53 in. 

McGill Museum. 48 f. 

iSchley, .L .Abnoiroer Ursprung der rechten 3vranzarteric aus der I'ulraonalis 
bei einem Oljahriger ^lann, Frankfurt. Htsclir. f. Path, 32: 3-7, 3925. 
01 m. 


2. Jtight coronary into coronary sinus — 1 case 

842. Halpcrt, Bcl.a, Arteriovenous communication befivecn right coronary .arfery 
and coronaiy- sinus, Heart 30: 129-133, 3929-30, 54 in. 

3. Aneurysm right coronary — 1 case 

84.>. Smith, F. Af. & Graber. V, C. Coronarv thrombosis with congenital ab.-cnce of 
left coronary artery, Arch. Int. Med. 38 : 222-225, 1920, 40 m. 

XXir, AXOilALOL'.S I’LTAIOXARY ARTERIK.S — 5 caSRS 

S'j 4. Huber, ,T. ,T, Ohseiyationcs aliquot de arci'/s aortne ruriiis; de arteria thyroidea 
quinta s, supernumoraria, deque vieinis his quihusdam arteriis uliis, Acta 
HcU-ctifci 8: 08-3 0-5, 3 777, 2 f , 

84-1. Hyrtl, ,T. A enen-Varietafen, Med, J:i3»rb. d. J:. Ir, Osierr. Staaten 38: 3-1.3, 
38.!9. Xewliorn. 
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846. McCotter, E. E. On tlie occurrence of pulmonary arteries arising from tlie 

thoracic aorta, Anat. Eec. 4 : 291-297, 1910, Go m. 

847. Maugars, A. Description d'une artere pulmonaire considerable, naissant 

de I’aorte abdominale, Eec. period, Soc. de med. de Paris 13: 74-83, 1802. 
Also ,T. de med. cliir. et pharm. 3: 453-463, 1802. 7. 

848. jSIeckel, J. P, TJeber einige merlvwurdige Gefiisserweiclierungen, Deutsches 

Arch. f. d. Physiol. 6 : 453-458, 1820. 9 mo. 

xxm. ANOJLUjIES of great veins 

1. Of systemic vein (persistent left superior vena cava) — 9 cases 

849. Beyerlein, Kurt. Die persistierende Vena cava superior sinistra als Ab- 

flussrohr fiir das Coronarvenenblut, Frankfurt. Ztschr. f. Path. 15: 327- 
332, 1914. 1% m. 

850. Nabarro, David. Two hearts showing peculiarities of the great veins, J. 

Anat. & Physiol. 37: 382-391, 1902-03. 3 mo. m. 

851. Schiitz, Hans. Einige Falle von Entwicklungsanomalie der Vena cava su- 

perior (Persistenz des linken Ductus Cuvieri), Virchow’s Arch. f. path. 
Anat. 216: 35-45, 1914. Case 1, 61 m.; ca.se 2, 38 f.; case 3, 38 ra.; case 
4, 24 f . 

852. Shattoek, S. G. Specimen of double vena cava (persistent left duct of Cuvier) 

the vessel of the left side being the larger, Tr. Path. Soc. Lend. 35: 130- 
131, 1884. [Appears twice on chart.] _ 

853. Walsham, W. j. Persistent left superior vena cava, Tr. Path. Soc. Lond. 

31: 99-100, 1880. Adult m. 

2. Of pulmonary veins — i cases 

854. Butka, H. E. Congenital heart defects witli report of an unusual case, Cal- 

ifornia & West. Med. 28: 497-498, 1928. 31 m. 

855. Dean, J. C. & Fox, G. IV. A left pulmonary vein emptying into the left in- 

nominate, Wisconsin Med. d. 27 : 120-122, 1928. 86 m. 

856. Harris, H. A., Gray, S. H, & Whitney, Caroline. The heart of a child aged 

twenty-two months presenting an anomalous vein from the pulmonary 
auricle to the right internal jugular vein, transposition of the great vessels 
and left superior vena cava, Anat. Eec. 36: 31-49, 1927. 22 mo. m. 

857. Hu, C. H. Congenital malformation nnth anomalous insertion of pulmonary 

veins, absence of spleen, situs inversus of abdominal viscera and other 
developmental errors, Am. J, Path. 5 : 389-396, 1929. . 7 m. 

XXIV. CONGENITAI. ARTERIO^^NOUS ANEURYSM — 6 CaSGS 

858. von Frisch, Otto. Beitrag zur Behandlung peripherer Aneurysmen, Arch. f. 

Min. Chir. 79 : 515-572, 1906. Case 10, 20 f . 

859. Halsted, W. S. Congenital arteriovenous and lymphaticovenous listulae; unique 

clinical and experimental observations, Tr. Am. Surg. Ass. 37: 262-272, 
1919. 18 f. 

860. Eeid, M. E. Studies on abnormal arteriovenous communications acquired and 

congenital; report of a series of cases, Arch. Surg. 10: 601-638, 1925. Case 
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ABBOTT OUTLINE I’OKM 

During the last year of her life Dr. Abbott held a grant from the 
Carnegie Foundation for aid in the preparation of a proposed text- 
book on congenital cardiae disease. In order to facilitate the labor of 
compiling data on the many indi\ddual cases, assembled from the litera- 
ture and from her personal expei-ience, which foioned the background 
for her proposed text, the accompanying outline was made and utilized, 
under her direction. It presents in succinct form all the information 
which seems to be of significance in the study of a case of congenital 
cardiac disease. Dr. Abbott intended to pul)lish this form, that it 
might be available for the use of others preparing reviews and statistical 
monographs, and for the guidance of authors desiring to report in- 
dividual cases. As the acknowledged authority in her field. Dr, Abbott 
frequently received manuscripts for criticism and revision, and she 
recognized the potential value of this outline as a guide to I'epoi'ters, 
There are now in tlie American litcraluj'e sevei’al papers published since 
1940 by physicians who i-eceived this form from Dr, Abbott’s office, and 
used it for the revision of their manuscripts. 


Ahboit Ouiline Form for Congenital Heart Dhease 

Age Sex Pace 

PATHOLOGY 

Lesion 


Termination ; stillborn sudden death eonge.stive failure 

Cause of death; congenital heart lesion acquired valvular di.“ejise 

bacterial endocarditis or endarteritis tuberculosLs 

cerebral vascular disease accidental operation for CHD 

other causes 

Autopsy: hours post mortem Parte examined : 

Foetal Passages: patency of ductus arteriosus (shape: 

foramen ovale auricular .septum ventricular septum 

-Arteries: atheroma 
arteritis 


Pulmonary' artery: dilatation 
hypoplasia 
Aorta: dilatation 
hypoplasiii 

Collateral circulation 


circumference 

circumference 

coarctation 


diameter 


dia.rneter 


Coronary arteries and veins 
Heart : apex 

transposition; atria ventricles arteries veins 

hypertrophy: ^ KA mm. HV mrn. LA mm. LV mm. dilatation 
weight (Jm, thoracic diameter cm. heart diameter cm. 
hypoplasia: 

v.'ilve rings: aortic cm. pulmonary cm. mitral cm, tricipsid 
dise:ise: chronic 
acute 


) 


cm. 
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cusp anomalies : 

miscellaneous notes on gross findings: 
microscopic cardiac findings: 

Bacteriological : 

Other organs : infarcts 

associated congenital anomalies 

ANAMNESIS 

History of cardiac illness: earliest signs (age) 
first diagnosed as CHD (age) 

Terminal illness: admitted (date) died (date) 

■ chief complaint 
course 

Past history: maternal health during pregnancy 
birth 

infancy and after — infectious diseases 

tuberculosis rheumatic fever 

congenital syphilis S 3 'j)hilis 

others 

Family diseases: sj'philis 

tuberculosis rheumatic fever 

alcoholism (drugs) 

mongolism 

parental exposure to x-ray and radium 
Family history* and examination 
relationship of parents (diagram) 

Table of patient and siblings arranged by pregnancy rank (1, 2, 3, to head the 
columns). 

12345678 

Sex 

Miscarriage 

Stillbirth 

Premature (week) 

Full term 
Age 
Alive 
Dead 

Cause death 
Heart 

Other defects 
Health (if alive) 

Table of patient’s children arranged bj' pregnanej- rank. Patient’s parents. 

1 2 3 4 5 6 Father Mother 

Sex 

Miscarriage, etc. 

Age 

Alive 

Dead 

Cause death 
Heart 

Other defects 
Health (if alive) 

Data concerning affected relatives (cousins, uncles, aunts, grandparents, etc.) 


; general 


CLINICAL OBSERVATIONS 

Symptoms: cyanosis (slight moderate marked terminal 
lips. retinae ) clubbing (nose extremities ) 

dyspnea dyspneic attacks orthopnea cough dysphonia pallor 
dysphagia pain palpitation 
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blood in j-piituiii fnink licrnoptyKis 
ascites 

onset regularity 

syncopic attacks other 

Jieiglit tveight remarks 

;; (occupation, mental (Icvelopment, habits, etc.) 
pul.se: rate, character 
pulsation 
felt location 

timing location 


Pidmonanj 


Aortic 


TriHcunid 


hemorrhage: 
edema 
menses; 
cerebral : 
development ; 

Notes for progno.si, 

Phys-icnl .signs; respirntion 
precordial bulge 
apex impul.se: seen 
thrill: 

dullne.ss: enlarged 
.‘rounds : general — 
detail — A pex 
1 . 

2 . 

•) 

inurrnur.~: Loration 

continuous 
pre.sTstolie 
systolic 
diastolic 
double 

heart rhrtJim 
liver 
spleen 
lungs 

other noters 
Tests : urine 

.syphilis ; (state method used) 
li. B. C, Hgb. 

Blood culture 
X-rays ; tluoro.seope 

orthodiagram (chest jilate) ; 
Electrocardiography : 

Other te.sts: 


Trfmumis.Aon Fitful Koliccd 

rate 


W. B. C. Smear 

Blood prc.ssure 

heart mea.surements 


other 



Clinical Report 


A CASE OP AORTO-PULMONIC COMMUNICATION INCIDENT 
TO A CONGENITAL AORTIC SEPTAL DEFECT: 
DISCUSSION OP EMBRYOLOGIC CHANGES INVOLVED 


S.ViSiUEL G. Shepherd, M,D., Lt. Col. Peux R. Park, M.C., A.U.S., and 

J. Roderick Kit(,'hell, SI.D. 

Philadelphia, Pa. 


U NTIL 'William B. Porter’s recent article on “The Sjnidrome of 
Rnptnre of an Aortic Aneurysm Into the Pulmonary Arteiy,”^ 
veiy little had been Avritten on the clinical entity Avhieh exists when 
there is a communication between these two vessels. It is interesting 
to note, howeA’'er, that, as early as 1835, Hope referred to two instances 
of rupture of an aortic aneurysm into the pulmonary artery which were 
reported by M. M. Payne and Zeink,- and Wills, ^ respectively. 

Ill the cases reported by Porter, tlie communication resulted from the 
rupture of an aortic aneurysm, syphilitic in origin, into the pulmonary 
artery. Our patient, hoivei^er, developed liis fistulous opening between 
the aorta, and the pulmonary artery as the result of a congenital defect. 
According to M. E. Abbott,'* a defect of the aortic septum may be situ- 
ated above the valves, or, more commonly, it occupies the right aortic 
sinus of Valsalva and directly communicates witli the pulmonary conus, 
or the defect exists as a thin-Avalled aneurysmal sac Avhich undergoes rup- 
ture in later life. Not infrequently a bulbar septal defect below the 
aortic cusps is also present. 

Most congenital defects are caused liy abnormalities in the formation 
of the septum which divides the heart into a right and a' left side. About 
the fifth week of fetal life a septum between the aorta and pulmonary 
artery appears, and its' formation is completed before the eighth week 
of fetal life. Concomitantly with the formation of the septum, rotation 
of the heart occurs, so that the aorta is placed to the left and posterior, 
and the pulmonary artery lies to the right and anterior. Defects ensue 
if there is interference Avith fusion of the septa, or Avhen the heart rotates 
incompletely or not at all. The type and extent of the anomaly depend 
on the period at Avhich the arrest occurred. 

In the development of the heart the bulbus cordis becomes iiartially 
enveloped by the rapidly groAving primitive atrium, and the groove 
against Avhich the bulbus cordis lies is the first indication of a division 
into light and left atria. A subdRision into definite chamber.s is ac- 
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complished Ijy the formation of a .septum, the .sejh.um primum, whieli 
grows dowTiM-ard into the eavily to meet a sejdum Kfowinj^ from below, 
the septum intei'medium. Jlowever, a communication is I'e-established 
hehveen the two atria by the formation of an opening? in the uj)per part 
of the septum primum, the foramen ovale. This opening persists until 
birth, and is closed normally by the fusion of the .septum primum with 
the septum secundum, which grew downwa)-d from the upper wall of the 
atrium immediately to the nght of the foramen ovale, or septum primum. 

By the groulh of a septum from the lower i)art of the ventricle, tw'o 
chambers are formed. An interventricular foramen exists for a time 
ventrally, because the dorsal part of the .septum grows more i-apidly than 
the ventral, and joins the dorsal part of the septum intermedium above. 
However, closure is effected ultimatel.v by the fu.sion of the aortic septum 
with the ventricular septum. 

"When, during the elongation and rotation, the developing heart as- 
sumes the S-shaped configuration, the bulbus cordis lies ventral to the 
primitive ventricle, so that the adjacent walls of the bulbus cordis and 
the primitive ventricle are in apposition. These subsequently fuse and 
are obliterated, thus establishing a free communication betw^een the bul- 
bus cordis and the right ventricle. The bulbus cordis remains sepai’ated 
from the left ventricle by the upward gi*ow1h of the ventricular septum, 
and remains an integral part of the j-ight ventricle, of which it forms 
the infundibulum. The bulbus cordis at the junction with the truncus 
arteriosus is brought ventral to, and in appj’oximation with, the atrial 
canal. 

The aortic septum presents itself as two ridgelike thickenings project- 
ing into the lumen of the truncus arteriosus and bulbus cordis. These 
imojeetions ultimately meet and fu.se to form a septum which courses 
spirally toward the proximal end of the truncus arteriosus, thus divid- 
ing it into two vessels, the aorta and pulmonary arleiy. Proximal to 
the heail, the pulmonarj’^ artery lies anter-ior to the aorta, but they arc 
side by side above. Jn the proximal portion of the aoi'tic septum four- 
endocar'dial cushions develop, and in the bulbus cordis two endocardial 
thickenings form. These unite to make a short septum which joins 
with the aortic septum above and with the ventricular sejrturn below, 
thus bringing the bulbus cordis into communication with the pulmonar-y 
artery, while the left ventricle is in continuity with the aor-ta. The 
pulmonary' artery communicates -with the sixth pair of aordic arches, and 
the aorta communicates with the remaining aortic archciS. 

1 he four endocardial cushions at the pr-oximal portion of the ti'uncirs 
arteriosir.s, namely, the anter-ior, posterior, and the two lateral, are sub- 
•sequently affected by the development of the aorlic septum, which, as 
it grows dowmward, divides the lateral thickenings into two, thas giving 
origin to six thickenings, the anlages of the semilunar valves, three at 
the aorlic and three at the pulmonic orifice. Expansion of the bases 
of the ventricles produces an invagination at the atrioventricular por- 
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tioii of the heart, thus forming the rudiments of the lateral cusps of the 
atrioventricular valves, and the downward development of the septum 
intermedium forms the mesial or septal walls of the cusps. 

In the case we are presenting, the aortic septal defect existed as a 
thin aneurysmal sac which ruptured later in life, thus establishing the 
aorto-pulmonic communication, with the attendant physical signs of an 
arteriovenous shunt which are encountered in these cases. There was no 
evidence of tlie arterial wall degeneration or pressure erosion which 
have usualty been reported in similar cases. 


CASE REPORT 


A. C., a Negro, aged 41 years, a chauffeur and butler, was admitted 
to the Presbjfferian Hospital Jan. 3, 1935, complaining of severe dysp- 
nea. He had been in apparently good health until four months pre- 
viously, when he developed postprandial indigestion characterized as a 
“lump in the chest,” with associated dyspnea. These symptoms were 
relieved somewhat by bisodol, essence of peppermint, and other remedies 
which he tried empirically. Approximately seven weeks before admis- 
sion he contracted a “cold” which proved to be intractable to his treat- 
ment, so that he sought aid in the hospital’s receiving ward. It was 
then that he was told for the first time that he had lieart disease. His 
cold was treated effectively, and he was referred to the cardiac clinic. 
However, the cough and dyspnea persisted, although the cold apparently 
cleared up. During the year prior to his hospital admission he lost 23 
pounds and became easily fatigued and dyspneic. 

The past medical history was noteworthy because of freciuent attacks 
of tonsillitis, a chancre in 1916, and, subsequently, an ulceration on the 
penis, at the same site, one year before his hospital admission. He had 
had a gonorrheal infection in 1917 and “rheumatism” in 1933. He 
was in the Army in 1917, and apparently there was no evidence of 
cardiac disease at that time. There was no familial history of heart 
disease or other chronic disease. 

General physical examination revealed a middle-aged, cooperative, 
robust Negro lying in bed with only one pillow under "his head, appar- 
ently comfortable except for slight dyspnea. The pupiUary reflexes 
were normal, the mucous membranes pale, and he had herpes labial is 
simplex. The chest was symmetrical, and the percussion note and tac- 
tile and vocal fremitus were normal, with coarse, moist rales at the 
bases of the lungs. The pulse rate was regular at 118/minute; the 
blood pressure in the light arm was 170/85, and 155/60 in the’ left. 
The apex beat was in the fiflii intercostal space outside the nipple line! 
There was a coarse, coiitinuous thrill over the precordium throughout 
the cardiac cycle, associated with a continuous, roaring, machine-like 
murmur which was heard best in the aortic area and over the upper 
portion of the sternum. The liver was smooth and tender, and extended 
8 cm. below the costal margin. There was no ascites, peripheral edema 
or evidence of pulmonary osteoarthropathy. No neurological abnormali- 
ties weie found. Examination of the vocal cords revealed no abnormali- 


Lahoratonj Studies.~T)ie blood Wassermaim and Kahn reactions 
were positive (4 plus). Electrocardiographic study revealed sinus tachv 
car*a and a rate ol 120 A teleoroentgenogram revealed the following 
cardiac measm-ements i Left base, 9.6 cm,, right base, 6.5 cm., caS 
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tlioracic ratio, 16 to 2'o cni. at tlic level of the fifth lib, oblifjue diametei, 
36.4 cm., transverse diameter aero.ss the axiricles, 32 cm., and arch of 
the aorta at the level of the first anterior inter^space, 5 cm.^ The light 
dome of the diaphragm was considerably higher than the left, and both 
pulmonary fields were very nearly filled with an extensive mottled in- 
filtration 'ivhich was fairly evenly distributed and bilaterally crjual. 
Subsequent fluoroscopic study and a roentgenogTam made in the left 
lateral position showed a rather nnu.sual bulging on the anterior surface. 

The patient was hospitalized for forty-nine days, during which time 
it was lielievcd that he had either a di.ssecting aneurysm of the aoiia, 
with rupture into the pulmonary artery, or an aneurysm of the left 
anterior sinus of Valsalva, with i)eii'oration into the ]iulmonary conus. 

He was discharged improved, and sent to the cardiac clinic, and from 
Pel). 21, 3935, until Nov. 27, 39.35, he .showed but little additional im- 
provement; he had periodic decompen.sation, which was remedied by 
l)ed rest, digitalis, and purine drugs. Ultimately, hoxvever, he became 
markedly decompensated, xrith pronounced cyanosis of tlie lips, mucous 
membranes, and finger tips, engorgement of the cervical veins even in 
the orthopneie j)osition, severe dyspnea with freriuent pai'o.xy.sms of 
coughing, bilateral hydrothorax, hepatic engorgement with its attendant 
tenderness, ascites, and dependent edema. Death occurred nine months 
after his discliarge from the ho.spital, on Dec. 3, 1935. 



Post-mortem e.Namination revealed the following: The ])ericardial 
sac contained approximately 700 c.c. of slraw-i:olored fluid. The heart 
snoxved a slight dexIroTotation. It weighed 500 grams. In the aorfa, 
immediately above the .innetion of the right poslerior and the anterior 
Jf^atk'ls, there was an opening 2 cm. in <liameler which had a smooth 
eoge. Jhis ojiciimfr connected the aorta with a sac 3.5 cm. deep and 
cm. across, 'll)!* sac bulged into the right ventricle just below the 
ya!%-e Jeafiels. In the imlmonary artery there was a small openin"- 3 

J«Oe)-ior sinu.s of Valsalva. This opeiiing 
tel the inilmonary artery with the aneurysmal sac described 
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above All of tlie valves appeared normal except tlie left anterior pul- 
monary leaflet, Avliich was somewhat shortened as a. result of contraction 
around the opening' in the pulmonai’y arter^'. The left ^cntiiculai wall 
was 1.4 cm. thick, and the right, 0.5 cm. , The circumferences of tlie 
various A'alve orifices were as follows*, aortic, ( cm., pulmonic, 9 cm., 
mitral, 11 cm., and tricuspid, 12 cm. In the ascending arch of the aorta 
there were several scars in the media caused by fibrous tissue growth. 
The coronary arteries were patent and appeared grossly normal. The 
myocardium' had a normal red color and revealed nothing unusual. The 
blood vessels of the heart walls were thickened. No microscopic changes 
were found in the aorta. 



Fig. 2. — Looking toward the pulmonary arterial opening of the defect. Note tlie 
cusp of tlie pulmonary valve running through the opening. This cusp is attached 
inside the saclike dilatation hetween the pulmonarj- artery and the aorta. 


COMMENT 

This case is of interest because: (1) the patient lived for approxi- 
mately two years after the communication between the aorta and the 
pulmonary artery became establi.shed; (2) the patient was in the Army 
in 1917, and presumably no cardiac abnormality was encountered at 
that time; (3) although the patient had syphilis, no evidence of cardio- 
vascular syphilitic involvement was present; and (4) the correct diag- 
nosis was proposed ante mortem. 

In conclusion, the possibility of a communication between the aorta 
and the pulmonary artei-y must be considered when the following signs 
and symptoms present themselves: (1) continuous and severe d.yspnea, 
with signs of pubnonary stasis that are not proportionate to the respira- 
tory embarrassment; (2) signs of right-sided cardiac failure; (3) a 
loud, continuous, roaring, machine-like murmur, heard best in the aortic 
area and over the upper portion of the sternum, and associated with a 
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coarse, continuous thrill throughout the cardiac cycle, best felt at the 
site of maximal intensity of the munnur; (4) cardiac enlargement, but 
not aortic in type; (5) electrocardiogram showing no abnoimal axis 
deviation, or a tendency to, or progi'cssion towai'd, right axis deviation; 
(6) a mtirmur as described, but no symploms or signs to fulfill the 
criteria for establishing a diagnosis of patency of the ductus arteriosus, 

.SUMMARY Axn COXCUUSIOXS 

3. A ease of aortic septal defect, with a communication between the . 
aorta and pulmonary artery, is described. 

2. A brief recapitulation of the signs and symptoms of this condition 
is given. 

3. The embryology of the hcaTi; is reviewed briefly. 
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Selected Abstracts 


Wiggers, H. C.: Cardiac Output and Total Peripheral Resistance Measurements 

in Experimental Dogs, Am. J. Pliy-siol. 140; 519, 1944. 

The technical procedures for determining cardiac output have been improved 
by (a) proper adjustment of the concentration and rate of infusion of the iSTaCl 
solution so that the salt appeared in sufficient concentration in the femoral blood 
stream to be easily detected without, at the same time, provoking any abnormality 
of cardiac action and a consequent artificial change in cardiac output, (b) technical 
and instrumental improvements for detecting the arrival of the uniform blood-NaCl 
mixture in a femoral artery, (c) advancements in tlie technique of withdrawing a 
sample of the uniform mixture for electroanalysis, and (d) improvement in the 
aceuracj’ of electrotitration of the conti-ol sample to match tlie hlood-NaCl sample. 

As a result of the above expedients, the method has been improved to the ex- 
tent that constantly reproducible measurements of cardiac output were obtained in 
145 tests on 42 dogs. Furthermore, statistical anulyse.s revealed that the standard 
deviation from the mean of these measurements was smaller than anj- which have 
been reported for dogs by other investigators. Comparisons of values obtained 
almost simultaneously by this modified Stewart method and by the more generally 
accepted Fick method were as comparable as could be expected in both normal and 
hypotensive dogs. 

In 20 dogs, in which arterial blood pressure remained stable, the mean circulatory 
index, expressed in liters/sq.M./min. was 2.77 and the average of the indimdual varia- 
tions was only 0.05. In the remaining 22 dogs, in which arterial pressures fluctu- 
ated somewhat (18; S.D. ± 13 mm. Hg) the circulatory index was of the same order 
of magnitude (2.94), but the average of the individual variations was greater 
(0.19). There appear.^, therefore, to be a definite relation between the constancy 
of consecutive measurements to be expected and the .stability of arterial blood 
pressure. 

Although it appears from the results of this and other investigations that the 
control circulatory index of anesthetized mongrel laboratory dogs generally ranges 
from 2.5 to 3.3, such values cannot be considered as sufficiently restricted to justify 
their adoption as controls for any given experiment. On any occasion wliei'e it is 
anticipated that the proposed experimental procedure will modify the cardiac out- 
put, it is absolutely essential that several consistent control measurements be ob- 
tained. The modified Stewart method excels in its ability to provide quickly such 
repetitive cardiac output values for consideration by the investigator. 

An analysis of these and previously reported data indicates that equivalence in 
values for the circulatory index in man and dog, or for that matter, among any of 
the animal species, has not been adequately demonstrated. 

The total peripheral resistance of the intact dog under control conditions con- 
cerning which only very meager information has been published, ranged in these 
dogs from 3,100 to 9,400 A.U. In 105 of 145 measurements, honwer, it fell within 
narrower limits (3,600-5,400 A. TJ.). In certain chronic experiments in which con- 
trol total peripheral resistance values cannot be obtained prior to the in.stitut 2 on 
of experimental procedures (say states of hypotension or hypertension), the above 
range for control determinations offers some guide as to the extent to u-hich total 
peripheral resistance changes may be concerned. Since Uttle correlation was ob- 
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Fcrverl between tlie total periplieral resistance and body surface area, the advantage 
of introducing surface area into the equation for computing total peripheral re- 
sistance seems dubious. 

AuTilon. 

Joseph, N. E.: A Direct Current Dielectrograph for Eecording the Movements 
of the Heart. J. Clin. Investigation 23: 25, I!)I4. 

A direct current amplifier for recording capitanee changes i.s dc.«eribed, and its 
a])pIication to the study of cardiac activity is indicated. 

It i.s .shown theoretically that, as first approximations, capitanee varies directly 
with the dielectric constant and the volume, and that the potential difference across 
the condenser plates varies invcrsclj' witli the capitanee. 

Kecords of cardiac activity in human subjects arc discussed. 

It is pointed out tliat, due to a large number of complicating factors, tlie results 
can be regarded as having only qualitative and empirical significance. 

Ai.'Tiion. 

reli, E. H., and Hanselman, E.: Prevention of Shock and Death by Immediate 
Application of a Pressure Dres.sing to the Severely Prozen Limbs of Dogs. Ann. 
Surg. 117: 68C, 1043. 

The irnmedialc careful application of pre.s.sure dre.ssing.s (plaster encasement) 
prevented .shock and deatli of five dogs who.se right hind exiremilj' had been severely 
frozen. The blood volumes, as determined by f be hematocrit, were maintained in 
this group in levels not producing shock. 

A r.-TiJoas, 


Nathanson, M. H.: Ehythraic Property of the Human Heart. Arch. Int. liled. 72: 
01.3, 1943. 


The clinical importance of tlie rliytlimic jirojierty of tlie iieart is empiiasized. 

Physiologic and pliarmacologic studies are reported on the rhytlimic function of 
the Imman heart, carried out by modifying the cardiac innervation in the following 
manner: parasympathetic stimulation by pre.ssurc on llie enrotid sinus or :ulmin- 
istration of meeholyl cliloride; and sympathetic stimulation by tlie administration of 
epinephrine and related compounds. 


Eeduction in cardiac rliythmicify by parasyinpatlief ic stiinulation i.s more marked 
m males and in persons of mlvanced age. A liyperadive vagal inliibition of the lieart 
is frequent in patients having coronary disease. ' 


.Studying persons in wiiom tiie sinus node cau lie eliminafed for comparatively long 
periods leads to tlie conclusion tliat tlie rhytlimic efficiency of ectopic cenfens of tlie 
human heart is low. 


Para.sympathetic nervc.s .«uppiy mainly rhythmic foci in llie auricle.-, altliough llic 
venlneles arc influenced in some per.-ons Jiy pnrasynipathefic stimulalion. Hyrnpa- 
thetic slirnulutiori increases tlie activity predominantly of ventricular foci. 

Digitali.s iricrea.ses refie.x vagal inhibition of Ibo heart in many persons. Atropine 
tind quinidine have a vagoparetic action. 

In states of depression or absence of tlie rliylJiuiie function (cardiac or ventricu- 
iir stundstili), the only drugs which cflectively inerea.se ctirdiac rhytlimicity anrtboso 
which stimulate the .sympathetic innervation (s3-mp!ithomimetic amines). 

Quinidine and mechohd cliloride tend to suppress the increased ventricular rlivth- 
niicitv- induced In- epineplirine. 


Autjjoii. 



SELECTED ABSTRACTS , '^41, 

Heimann, H. L., and Shapiro, B. Effects of Plasmoquin, Atehrin, and Quinine 
on the Electrocardiogram. Brit. Heart J. 5: 131, 1913. 

The effects of plasmoquin, atehrin, and quinine on the electrocardiogram of con- 
valescent malarial' patients has been investigated. 

Plasmoquin increases the amplitude of the various deflections, affecting the T 
wave most markedly and constantly. In some cases the most striking feature is the 
effect on the S-T segment which simulates the cardiogram of coronary thrombosis. 
Whelher this is due to an effect on the coronary circulation, the auth.ors are not in 
a position to state. 

Atebrin decreases the amplitude of the various deflections, also affecting the T wave 
most markedly and constantly. It restores the S-T segment to the isoelectric level 
after it has been elevated by plasmoquin. 

Quinine has an effect similar to atebrin but to a les.ser degree. 

Differentiation between the effects of plasmoquin on the one hand, and of atebrin 
and quinine on the other, in a particular patient, may be made on the cardiogvaphic 
findings given above. Plasmoquin' increased the size of the T wave above normal, 
and quinine and atebrin decreased it below normal. Plasmoquin often has an effect 
on the S-T segment, as described; this is not seen in the exhibition of either of the 
other two drugs. 

Authors. 


Campbell, M.: Latent Heart Block. Brit. Heart J. 5: 1G3, 1913. 

Latent heart block is a convenient terra for a conduction time that is prolonged 
without any dropped beats or higher degree of block. 

All those where the P-E interval was above 0.20 second have been included in 
(his series. About 2 per cent of the patients sent to a cardiographic department 
showed this change, and 141 cases were analyzed. The incidence fell very rapidly 
from 0.21 to between 0.24 and 0.25 second, and then more slowly to 0.29, after 
which it was steadier, cases being seen at all levels up to 0.40 second; longer P-K 
intervals than this were very rare. In nearly half (46 per cent), the P-E interval 
was not more than 0.22 second. In nearly one-quarter (22 per cent), it was 0.26 sec- 
ond or more. 

In addition, 29 cases, which sometimes had dropped beats and sometimes latent 
block only, and another 27, which sometimes, had 2:1 and/or complete heart block 
and sometimes latent block only, were analyzed. 

IVhen there was latent block only, the P-E interval was most commonly between 
0.21 and 0.24 second. M'hen latent block interrupted complete and/or 2:1 block, 
the figure was much the same with a rather wider common range, 0.19 to 0.26 second. 
On the other hand, when there were at times dropped boats, and at other times 
latent block only, the P-E interval was, on the average, longer, and was generally 
from 0.26-0.32 second, possibly because more of these cases were due to a transient 
acute infection. 

As a rule, latent block did not progress to higher grades of heart block. In many 
it diminished as the effect of an acute infection disappeared ; in some it remained at 
a fairly constant level; and in some it was found, occasionally or from time to time, 
interrupting complete and/or 2 : 1 heart block. 

The etiolpgy- varied somewhat in the different groups. 'Where the P-E interval 
was from 0.20 to 0.25 second, all types of heart disease were represented in much the 
same proportions as might bo found in any collection of cardiac cases. 

Where the P-E interval was 0.26 or above, the etiology was more like tliat found 
in cases with dropped beats: 41 per cent (as against 13 per cent with a P-E interval 
from 0.20 to 0.25 second) had acute rheumatism or other active infections, mostly 
tonsillitis, and there were fewer cases with thyrotoxic or normal hearts. 
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Cases with latent block and, at other times, 2:1 or complete block were eti- 
ologically like the eases with complete heart block, i.e., older patients with athero- 
sclerosis or primary myocardial disease (G9 per cent against 20 per cent in the two 
previous groups, or 86 per cent against 39 per cent if hyperpietic cases were in- 
cluded). 

Acute rheumatic carditis was a common cau.se of P-R intervals that were much 
})rolongcd to 0.2(i second or above. Chronic rheumatic heart disease occasionally 
caused these longer values, but was more often rc-sponsiblc for the slighter increases 
from 0.20 to 0.24 second. Other acute infeetions sometimes produced quite a long 
P-R for a time; these included attacks of tonsillitis that were almost certainly not 
rheumatic. 

Latent heart block, especially of the lesser grades, was seen in all t3'pcs of 
chronic myocardial disease. Even here it seemed rare for it to progress gradually 
to complete heart block, though often it interrupted complete or 2:1 block, sometimes 
after surprisingly long intervals. 

Both in tlu’rotoxicosis and myxedema, long P-Iv intervals were observed, and this 
relationship to iodine therapy in tlij-rotoxicosis needs more investigation. 

No instances of latent block due to trauma were included in the scries, though 
such cases have been reported; and one due to blast Ims been mentioned. 

There were no cases where latent block could with certainty be attributed to 
diphtheria, but such a history was noted in some cases as a possible cause that 
could not be excluded. 

Some curious eases have been described in which P-Jl intervals, even up to O.-IO 
second or more, were found witliout anj' other e%'idenco of heart disease. As some 
of tiiose persisted, tliej’ did not seem to be due to infection, and it is suggested 
that ifxceptional overaction of the vagus ma\- produce unusually long P-R intervals. 
In some, which h;ive boon do.“cribed rather full.y, the longest P-R intervals were 
irregular or intermittent. 

Some few cases with a P-R interval up to 0.22 second or even higher seemed nor- 
mal in every w:iy, 

AUTtroB. 


Darrow, C. W., and Pathman, J. H.: Relation of Heart Rate to Slow Waves in 
the Electroencephalogram During Overventilation. Am. .1. Plnmiol. 140: 583, 
lOM. 

It is demonstrated that, in one-minute periods of ovcrventilation, increase of 
heart rate tends to be :intocedent to, or simultaneous with, .slowing of the clectro- 
enceplmlograrii. J lie relation of cardiac and cerebral effects during lij-pocapnia sug- 
gests a {lOssible vagal mechanism. If suggests; that reduction of vagal cliolinergic 
vasodilator impulses, at a time when destruction of acetylcholine by cholinesterase is 
increased In- h\-])ocuj)nia, ma^- be critical. Consequent contractions of the cerebral 
blood ves’sels imn- account for association of c:irdiac acceleration during over- 
vcnfiliifion with .“low waves in the electroencephalogram. 

Autjioi'.s. 


Rich, A. R., and Gregory, J. E.: On the Anaphylactic Nature of Rheumatic 
Pnemnonitls. Bull. ,Tohn.s Hopkins Ho.sp. 73: 4G5, 1943, 

In preceding papers the autiiors have shown that cardiac and arterial lesions 
li.uing the basic clmracterislics of fbo.“c of acute rheumatic fever can be produced 
experimentally- as a result of anaphj-lactic hj-per.sensilivitj-. The prc.“ent comparison 
of the peculiar le.«ion of rhciumitic pneumonitis witli lliat of the pneumonitis caused 
by .“ulfonamidc hypmsensilivity shows that The two arc basically identical, and tliat 
mill cxliilMt tlie primary capillary damage cbaractcri.stic of focal anaphylactic re- 
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Hctions. This provides additional evidence in support of the view that the lesions 
of acute rheumatic fever may be anaphylactic in origin. 

Authors. 

Carter, J. B., and Traut, E. F.: Cardiovascular Manifestations in Pernicious 
Anemia. Arch. Int. Med. 72: 757, 1943. 

Cardiovascular manifestations were found in 257 of 300 cases of pernicious anemia. 
In the presence of severe anemia it is impossible to segregate accurately patients 
with primary cardiovascular involvement. All of the usual criteria of cardio- 
vascular disease may occur solely as the result of anemia. These symptoms and find- 
ings are not restricted to any tj'pe of anemia or related to the severity of the 
anemia. Examination of the blood is essential for dependable differentiation. 
Cardiovascular manifestations often . occur with liematologic decompensation and 
disappear after treatment or during a remission. 

Authors. 

Calder, E. M.: The Renal Pathology of Nutritional Hypertension in Rats. J. Ex- 
per. Med. 79: 215, 1944. 

Rats subsisting on a diet partially deficient in the heat-stable fractious of 
A’itamin B complex are known to experience a rise in blood pressure. The present 
study shows that after prolonged administration of this dietary, abnormal structural 
changes occur in the kidneys. The surface of this organ becomes finely granular. 
The aflcerent arterioles show degenerative changes, consisting of irregular subendo- 
thelial hyaline deposits which encroach on the lumen. Tlie interlobular arteries un- 
dergo the same change, plus degeneration of the media; the lumen of these vessels 
is likewise compromised. Resultant, small, streaklike areas of ischemic atrophy oc- 
cur in. both cortex and medulla, with necrosis of the epitlielial lining of the urinifer- 
ous tubules. The glomeruli are reduced in size, the number of their component loops 
decreased, their pattern simplified, and the capillary basement membrane thickened. 
In addition to these changes, kidneys from animals on a more profoundly deficient 
diet display numerous areas of hemorrhagic infiltration in the cortical and sub- 
scapsular regions. 

The possible identity of the.'re lesions with those seen in essential In-pertension 
in man is discussed. 

Author. 

Alam, G. M., and Smirk, F. H.: Casual and Basal Blood Pressures. I. In British 
and Egyptian Men. Brit. Heart J. 5: 152, 1943. 

Egjptian men resident in Egypt have much lower blood pressures than British 
men resident eitlier in Egypt or in England. This difference does not depend upon 
differences of temperature, diet, or social status. 

Half an hour of rest in the sitting posture, together with deliberate emotional 
desensitization to the presence of the medical examiner and to the procedure of blood 
pressure measurement, reduced the systolic blood pressure to beloAV 100 in thirteen 
and to beloAV 90 in five out of fourteen Egyptian men: to below 105 in thirteen and 
to below 100 in six out of twenty-five British men. 

Such lowering of the blood pressure was not associated with any symptoms. 

Authors. 

Alam, G. M., and Smirk, F. H.: Casual aud Basal Blood Pressures. H. In. Essen- 
, tial Hypertension. Brit. Heart J. 5: 156, 1943. 

In essential hypertension considerable differences exist between the casual blood 
pressure (i.e., as ordinarily measured) and the basal blood pressure. In a group 
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of fir patients with essential liypertension, the average casual blood pressure was 
1!)5/11() and the average basal pressure was 153 /.Oy, 

The extent to which the relatively variable casual blood pressure rises above the 
basal pressure may be termed the supplemental pressure. 

The supplemental pressure i.s that i>art of the casual blood pressure that repre- 
sents the response of the cardiovascular sj’stem to physical, mental, and emotional 
stimuli. ^Vith rest and habituation to the prc.sence of the observer and his sphyg- 
momanometer, or with .sleep, the supplemental pressure falls to, or nearly to, zero. 

In Eg 57 )tian patients with e.ssential hyperten.sion, })oth the basal and su[)plemenfal 
pressures are elevated. As an average, one-half of the elevation of the (casual blof)d 
pres.sure in these ea.se.s of e.s.sential hyperten.sion is due to eleva.tion of the sujjple- 
niental pressure, which is of a removable nature and due to tlie effeet upon a sus- 
ceptible individual of his physical, mental, and emotional environment. 

AUTifoiaS. 


Gatman, M., Amin, M., and Smirk, F. H.: Casual and Basal Blood Pressures. 

m. In Eenal H 3 rpertension. Brit. Heart .T, 5: H51, 1043. 

The difference between the casual and basal blood jmes.sure is les.s in renal hyper- 
tension than in es.sential hypertension. 

The pressure elevation affects the basal blood pressure more than the supjple- 
mental pressure. 

It is likely that the blood ve.s.sels in renal hypertension are le.«s reactive to vaso- 
motor impulses than tliey are in es.sential hypertension. 

Authok.s, 


Friedman, M,, and Kasanin, J, S.: Hypertension in Only One of Identical Twins: 

Eeport of a Case, With Consideration of Psychosomatic Factors. Arcdi, liit. 

I^Ied. 72: 767, 194:1. 

Only one of a pair of identical twins bad hypertension and coronary artery 
di.t-ease. 

Determinations of renal blood flow and of glomerular filtration were performed 
on both the normolensive ami hyperten.rive twin. The renal blood flow was found 
to be similarly reiiuced in lioth twins. The glomerular filtration rates also were 
similar. 

Llectro'-ardiograms of the patient .showed evidence of myocardial damage, but a 
tracing made for his brother wa.*; normal. 

The evidence .sugge.sts tliat p.“ychologic factors may have been of primary sig- 
nificance in tile production of hyperten.sion in the affected twin. 

AuTiioms'. 


Mayerson, H. S., Long, C. H,, and GOes, E. J.: Venous Pres.sures in Patient.s 
With Varicose Vein.s. .Surgery 14: .719, 1943. 


Xo difference was obseni'ed in the height of the venoms jire.ssure in ^‘norm.al” 
■ind in varico.sed saphenous veins of .standing pixficnts. In both types of veins the 
pre.s.sures were usually only .slightly higher than the hydrostatic pre.ssure. 

Ihe antecubifal and saplienoii.s venou.s pre.s.=ure.“ of patients -.vitli varico.se vein.s 
were found to lie signififantly higher than when the patients were in 

recurnlKfjit position. 


The.se high recumbent venou.s jire.s.-ures are believed to be due to an increase in 
blood volume which enables tlie individual to compensate for the effects: of gravity 

wh.ile fitatiding. but result.s in an overcompemsated .stale when the recumbent position 
IS as.sumeil. 


AnrnojjB. 


SEI/ECTED ABSTKACTS '^'^5 

Wilbume, M., and Taylor, H. E.; Multiple Saccular Aneurysms of the Aorta; 

With Report of Three Cases. Am. J. Roentgenol. 48: 797j 1942. 

A review of the literature reveals multiple aneuiysms of the aorta to be of 
relatively infrequent occurrence. However, it is difficult to e.stimate their frequency 
with any reasonable degree of accuracy in view of the marked inconsistency of 
figures in the literature. Further data must be accumulated. 

Tliree cases of multiple saccular aneurysms of the aorta are presented, the prin- 
cipal features of which were the late onset of .symptoms, the syphilitic etiology, and 
the limitation of the lesions to the thoracic aorta. All three patients were males. 
iSTecropsies in two cases revealed tlu'ee aneurysms in the first, and four aneurysms 
in the second patient. In the third ease, roentgen studies (including aortography 
and kymogTaphy) disclosed three aneurysms. 

A study of the literature indicates that multiple saccular aneurysms of the aorta 
are rarely of nonsyphilitic etiology. 

Authors. 

Watson, J. E., and Miller, E. B.: Arteriovenous Fistula of the Common Femoral 

Vessels With Extreme Dilatation of the External Iliac Vein: Report of a 

Case. Surgerj- 14: 296, 1943. 

A case of arteriovenous fistula of the common femoral vessels is reported, in 
which there was a saccular dilatation of the external ilitic vein of sufficient size to 
produce an abdominal tumor. 

A diagnostic sign is described which will permit a clinical differentiation between 
a venous dilatation and an arterial aneurysm occurring proximal to an arteriovenous 
fi-stula. 

Authors. 

Levy, E. L.: Clinical Types of Coronary Insufficiency and Their Recognition. 

Hew York State J. Med. 43: 1836, 1943. 

A simple clinical classification of the various types of coronary insufficiency 
has been presented. It is based upon the concept that this condition occurs when 
the blood delivered to the myocardium is inadequate, in quanity or quality, for the 
functional needs of the heart. Ischemia and anoxia, are responsible for the .symptoms 
and signs. The most important single decision to be made is whether recent cardiac 
infarction has occurred. The incidence, time of appearance, and duration of the 
cardinal signs of infarction have been described. The value of the historv of the 
electrocardiogi-am, and of cardiac enlargement have been stressed. By regarding 
all of the manifestations of disorders of the coronary arteries as expressions of 
coronary insufficiency, the differentiation of clinical types becomes simplified. Thus 
logical, and hence more effective, therapeutic procedure is made possible. 

Author. 

Schildt, P., Stanton, E., and Beck, C. S.: Communications Between the Coronary 
Arteries Produced by the Application of Inflammatory Agents to the Surface of 
the Heart. Ann; Surg. 118: 34, 1943. 

The aiiplication of asbestos to the surface of the heart brings about the develop- 
ment of new communications between one coronaiy artery and another. 

It reduces the mortality following ligation of a coronary artery. 

It reduces the size of the infarct that develops after a coronary artei-}- has been 
ligated. 

The application of asbestos to the surface of the heart is a safe surgical proce- 
dure in animals, provided a dosage of about 0.1 to 0.2 Gm. be used rather than 
larger doses. 
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Infiarnmatorj' ngentt^ uncfl on tlio licart may not be witliniif 
and they Phould not be iif-ed indiseriminately. 


liarniful aide effectH, 
Authors. 


DeBakey, M. B., Schroeder, G. F„ and Ochsner, A.; Significance of Phlebograpliy 
in Phlebothrombosis. J. A. M. A. 123; 738, 1944. 

Phlebography Ib imperative in all ca.se." of intravenous thrombosis in whicli the 
clot is not firmly attached to tlie vein wall; i.e., in phlcbothrombosis. 

The procedure is simple, sage, and informative. 

Whenever the phlebotlirombo.sis us a defect in the venous system is demonstrated, 
immediate operation is imperative. This .should consist of either ligation of the 
involved vein above the site of tlie thrombus or thrombeetoriiy. 

Only the promjit recognition of intravenous thrombosis in phlcbothrombosis 
and the institution of measures to prevent the detaehment of the clot cun decrease 
the mortality rate from pulmonary embolism. 

Authors. 


Homans, J.: Pulmonary Embolism Due to Quiet Venous Thromboses and Simulat- 
ing Cardiac and Pulmonary Diseare. New England J. Med. 229: 309, 1943. 

An account has been given of eleven case.s of quiet thrombosis in the lower limb 
causing pulmonary embolism in ambulator}' patients. With tlie.se ca.«e.s are dis- 
cus.sed six other.s of similar character, but in which an old thrombophlebitis, an 
injury, or an illness had preceded the thrombosis. 

Consideration of the.se ca.ses shows that since pulmonary infarction and em- 
bolism often simulate cardiac and jiulmonary di.«ea.se, in ambulatory patients other- 
wi.se well, they must be considered in the differential diagnosi.s of many acute and 
recurrent thoracic disorders. 

It may reasonably be concluded from this .short series of cases that: repeated 
embolism, a.ssociated with quiet thrombo.si.s, is not rare; the dangerous or fatal 
quality of any one process is unpredictable; operative treatment, to secure inter- 
ruption of the thrombosed vein proximal to the source of enibolisin, is always indi- 
cated; con.'-ervative treatment, even if not followed by further embolism, i.s unlikely 
to prevent continuance or recurrence of the tlirombosis; and the use of hepiarin does 
not protect again.^t repealed embolism and a fatal outcome. 

Author. 

Bartlett, W. M.: Physiologically Induced Myocardial Ischemia as a Test of 

Circulatory Efficiency as AppUed to the Selection of Pilots, J. Aviation Med, 

14; 2G4, 1943. 

1 he electrocardiograjihicallj' controlled tilt-table test is of value in the early 
recognition of coronary inadequacy because positive tests arc obtained in 51 
per cent of the cases. 

rijis physiologically induced myowirdial Lschemia will produce objective .signs or 
subjective symptoms in 7-5 per cent of the cases of heart disease. 

Hie test is of value in differential diagnosis, quickly classifying cases as xisyeho- 
gcuie, physiogenic, or organic in origin. 

This test will enable tlie clinician to firediet syncope or * ‘ blacking-out” and 
therefore .should be used routinely- in the selection of flying personnel, whether 
they are to be trained as j,ilot, navigator, or bombardier. 

Early arterial hypertension b}- virtue of a stabilized liigh pul.se pres.“ure insurtss 
the patient agiiiu.^t po.sfural syncope. It may be inferred, therefore, that this tvrie 
of individu,'il may tolerate dive bombing actirities better than a norma.l person .since 
he is less apt to “black-out” than one •with a normal or low pulse pres.sure. 
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The tilt-table test will aid in the differential dia<Bio-'^is between ncurocirculatoiw 
asthenia, neurasthenia, psychoneurosis, and anxiety state, by objective evidence of 
myocardial ischemia in the elect rocai-diogram and/or subjective symptoms. 

As a test of circulatory efficiency this test can be utilized in determining the 
suitability of convalescent soldiers and officers for flying, combat, or limited military 
service. 

Authok. 

Collins, D. A., and Hamilton, A. S.: Changes in the Renin- Angiotonin System 
in Hemorrhagic Shock. Am. J. Physiol. 140: 499, 1944. 

Angiotonin (hypertensin) increases in the plasma of dogs subjected to hemor- 
rhage. Eenin-substrate (hypertensinogen), often after a preliminary increase, is re- 
duced if the hypotension is of sufficient intensity and duration. Following exhaus- 
tion of renin-substi'ate there is a secondary fall in angiotonin. 

Authors. 

Neumaim, C., Lhamon, W. T., Cohn, A. E., and Galati, C.: A Study of Factors 
(Emotional) Responsible for Changes in the Pattern of Spontaneous RhjdJhmic 
Fluctuations in the Volume of the Vascular Bed of the Finger Tips. .J. Clin. 
Investigation 23: 1, 1944. 

Spontaneous variations in the volume of the finger tips are classifiable in three 
major types and five lesser ones. The three major types are (1) a combination of 
small alpha waves with large pulse waves (Type lA) ; (2) small alpha waves with 
small pulse waves (Type IB); and (3) large alpha waves with varying size of pulse 
waves (Type IIIC). 

Individual subjects at rest, free from recognizable external stimuli and not re- 
quired to carry on intellectual activity, have exhibited changing records. This kind 
of variability has been found to go closely hand in iiand with changes in emotional 
status. Certain records (Tj*q)e lA) were obtained only from subjects in a state 
fully relaxed and contented. Certain tj-pes (Type IB) occurred when anxiety was 
dominant. With less anxiety or with elation or resentment. Type IIIC records were 
obtained. With depression, no uniform alpha-pulse wave pattern was observed. 
Slight resentment or slight anxiety or a combination of various emotions, none of 
which was dominant, occurred ^Yith intermediate types of records. On the assump- 
tion that changes in the degree of actmty of the autonomic nervous .system parallel 
changes in emotional status, an explanation is proposed for the changes based on 
changes in the autonomic nervous system, the results of which have been observed in 
alpha and in pulse waves, and in combinations of the two. 

Authors. 

Donovan, M. S., Neuhauser, E. B. D., and Sosman, M. C,; The Roentgen Signs of 
Patent Ductus: A Summary of 50 Surgically Verified Cases. Am. J. Roent- 
genol. 50: 293, 1943. 

A patent ductus arteriosus can now be safely ligated or completely divided, 
which places this congenital lesion among the curable forms of heart disease. 

The accurate diagnosis of this condition is now vastly more important than 
formerly, when it was clriefly of academic interest. The roentgenologic signs of 
patency of the ductus arteriosus have a definite value,- although they do not prove 
the diagnosis, nor does their absence rule it out. In addition, a thorough roento-en 
study helps the surgeon evaluate the results of operation. 

The roentgen findings in 50 cases of patent ductus arteriosus which were verified 
by operation are presented. These findings in order of frequency are: (a) dilata- 
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lion o£ the pulmonary artery; (h) cardiac enlargement; (e) dilatation of the 
left auricle; (d) engorgement of the infraptilinonary ve.s.sels; fe) exaggerated pulsa- 
tion of the left ventricle and the pulmonary artery (f) “hilar dance,” or pulsa- 
tion of the vessels in the hila of the lungs. 

Autjiou.S. 

Stelnherg, M, F., Grishman, A., and Sns.aman, M. L.: Angiocardiography in Con- 
genital Heart Disease, m. Patent Ductus Arteriosus. Am. J. ItocTitgcnol. 50; 

300, 1943, 

Angiocardiography in cases: of isolated patent ductus arteriosus reveals: 

A distinct localized dilatation of the de.scend)Tig aorta ,iust beyond the isthmus, 
which varies in size and sliaiJC from a localized bulge to a uniformly dilated .seg- 
ment. The appearance may be due eitber to the infundibulum of tlie patent ductus 
or, perhaps, in some cases to a traction ancurystti of the aorta. 

An elevation of the main and left pulmonary arteries, the appearance of which 
suggests that they are drawn toward the isthmus of the aorta. 

Moderate to marked dilatation of the pulinonar-y artery which ir.sualjy wa.s found. 
It was absent in 25 per cent of the cases. 

Varj-ing degrees of left ventricular dilatation. 

In 27 cases of patent ductus arferio.sus (12 of wliich were proved at openition), 
20 showed the aortic abnormality described above. 

At/’Tilons. 


Epstein, B. S., and Young, D.: A Correlation Between the Eoentgenographtc 
Changes in the Lungs in Left Ventricular Failure and the Circulation Bates, 
Am. J. Kocntgeriol, 50; 31G, 1943. 

A correlation between prolonged systematic circulation tirne.s and roeritgenographic 
changes indicative of pulmonary congc.stion exists. 

Fever or anemia may complicate the diiTerenlral diagnosis by accelerating an 
otherwise .«low circulation rate in tlie pre.sencc of congestive Iieiirt failure. In these 
instanee.s tlie roentgenograpliic findings may be of diagnostic importance. 

Patients who have had previous episodes of heart failure may be coynfortable 
and still present both roentgenographie and circulatorv' rime evidences of congestion. 

AUTilOICS. 


Bigler, L. G„ and Hallock, P.; Chronic Cor Pulmonale. Am. ,J. Bocntgenol. 50: 

453, 1943. 

fn the authors' experienee right heart enlargement and failure have been a com- 
mon finding. If is an important cause of death in chronic tuberculosis, in bronchial 
.isthrn.'i and other emphysemas, and in silicosi.«, and is the usual cause of death in 
pulmonary arteriosclerosis. Every case of clironie lung disea.se should be examined 
with this in mind. By roeritgenoscopic and roentgenographie stud\- in all positions, 
the charaeteri.'-tic enlargement of the pulmonary artery and the right ventricle may 
Ik; demonstrated. The roentgen findings are by far the most important meari.s of 
e.stablj.sbing the presence of right heart enlargement before failure has supervened 
and arc most helpful in the diflerential diagnosi.s. 

Authous, 


Sosman, M. C,: The Technique for Locating and Identifying Pericardia) and 
Intracardiac Calcifications. Ain. .1. Boentgenoi. 50; 401, 194,3, 


This article .“ums up the technical procJ!;dure.s and adds 
imj.i.Avd the a<-curaey of demonstnttion of calcified arca.^ 
ex.iniination. The author believo, that roentgeno.“copy i.« 


a few detail.*^ which have 
in flic heart on roentgen 
the much more important 
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purt of tlie exaiuiiuitioii. . Eoeotgenograms rarely anytliiiig if tlie roentgenoscopy 
is carefully and tliorouglily done. The roentgen kjnnogram has been of very little 
help. Oblique roentgenograms of the heart, both right and left, are of more value 
than lateral aocw-s and should bo part of every record. 

AIcCullocii. 


Leach, J. E.; Effect of Boentgen. Therapy on the Heart; A Clinical Study. Arch. 
Ini. Mod. 72: 715, 1043. 

From a sliuL' of 84 patients rvith various tj'pe.s of neoplasms and one with 
(uberculo.sis of mediasti7iul lymph nodes, who were carefully observed to determine 
the etVeet of roentgen therajty on the heart, there is no evidence that the heart is 
affected by roentgen radiation as used at present. 

The depression of tho blood pressure during and after roentgen thcrai>y is prob- 
abl}' due to (1) iusufiicient nourisbment, (2) anemia, (3) fever, (4) neoplastic 
toxemia, (5) general radiation etl'ect, and (G) possibly absorption of split protein 
products. 

A carotid sinus syndrome may be induced by cervical metastatic disease and will 
respond to the usual therapy. 

Adhesive or constrictive pericarditis may occur following severe radiation plcuro- 
pulmonitis complicated by infection. 

Cardiac arrhythmia, when present, may be expected to rc.spond to the u.sual 
therapy. 

A sequei^cc of changes is observed in electrocardiograms made before, during, and 
after, roentgen therapy. 

Auxiion. 

Spiegel, R., Eriedlander, M., and Silbert, S.: Prevention of Gangrene Pollowing 
Ligation of Major Arteries — ^Experimental Study. Surg., Gynec. & Obst. 77: 
1G2, 1£)4.3. 

Bilateral ischemic paralysis and gangrene of the lower extremities in cats was 
produced in ten of twelve experiments in which the three terminal branches of tlie 
abdominal aorta and the anastomotic branches of the femoral arteries were ligated. 

Unilateral ischemic paralysis and gangrene of the lower extremity was pro- 
duced in cats in four of five experiments in which tho middle hemorrhoidal, the com- 
mon iliac, and the homolateral anastomotic branches of the femoral artery were 
ligated. 

In three of six experiments on dogs, gangrene of the lower extremities was pro- 
duced by ligating the three terminal Irranches of the aorta. 

The blood supply to the lower extremity after ligation of the common iliac 
artery, was maintained for several hours by autotransfusion. In some experi- 
ments the blood was transfused from donor arteries. In other experiments blood 
was. aspirated from the abdominal venous reservoir and pumped into the femoral 
artery bj' a pipetting machine. 

Authors. 

Pemberton, J. de J., and Black, B. M.: Surgical Treatment of Acquired Aneurysm 
and Arteriovenous Fistula of Peripheral Vessels: Review of Sixty-Seven 
Cases. Surg., Gynec. & Obst. 77: 462, 3943. 

From a review of the records of 67 patients who suifered from acquired, peripheral 
aneurysm and arteriovenous fistula, and who were treated by operation at the 
.clime, It would seem that the exact diagnosis can be made usually before operation 
and that a correct evaluation of tlie .status of the collateral circulation is possible 
by means of clinical tests before operation and by noting the amount of retrograde 
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bleeding from the prindptil arter}- at the time of o])eration (Henle-Coenen test). 
In cases of arterial aneurysm of the leg in which there is doubtful collateral circula- 
tion, much improvement can be expected to follow lumbar sympathectomy, and post- 
operative vasospasm is also prevented. Endoaneurj-smorrliaphy with or without extra- 
saccular ligation of the principal artery, and proximal and distal ligation of the 
artery and excision of the sac arc the i»rocedure.s of choice for the treatment of 
aneurysms of peripheral arteries. In the case of peripheral arteriovenous fistula, 
the procedure of choice for tlie radical cure of the condition is, clearly, quadruple 
ligation and e.xcision. Another satisfactoiy but less certain procedure is quadruidc 
ligation and obliteration and, occasionally, simple ligation of tlic communication bc- 
twceen artery and vein may be carried out. 

AtiTJions. 

Lawrence, J. S., and Allott, E. N.: Heart Changes in Alkalosis. Brit. Heart J. 5: 

128 , 194:3. 

The cardiograpliie findings in a severe case of alkalosis are described. 

Marked jirolongation of systole was present, so that systole came to be greatc-r 
than diastole. This was associated with an alteration in the relationship of the 
heart sounds and impaired cardiac function. 

The similarity to changes found in hy-pocalcemia is discussed. 

AUTJ10It.S. 

Wilbume, M., and McGoldrick, T. A.; Prolonged Administration of Sulfapyridine 
in Subacute Bacterial Endocarditis: Report of Case Following Administration 
of 621 Grams. Ann. Jnf. 3red. 17; 'i'A'i, 3042. 

The authors have presented a case in whieli G21 grams of sulfapyridine were 
administered over a period of eight months. No untoward clTccts were observed 
exi'ept for the occurrence of mild nausea and vomiting during the first month. At 
ne<;ropsy the organs reveals no characteristic changes attributable to sulfapy-ridine. 
The literature contains no previously reported case of the administration of so 
large a dosage of sulfapyridine with the absence of clinical and post-mortem 
evidence of toxicity. Tiie case is of interest in view of the frequency- with which 
toxic reactions appear when the usual tber.apeutic dosages are employed. 

A vrnoHH. 

Eruger, M., Wright, I. s,, and Wiland, J.: Experimental Atherosclerosis. V. 
EtFect of Testosterone Propionate and Estradiol Dipropionate on the Choles- 
terol Content of the Blood and the Aorta in Castrate Female Rabbits. Arch. 
Path. 36; 612, 1943. 

Castration per se does not alter the cholesterol content of the blood or tliat of 
the aorta in young female rabbits. 

Testosterone propionate and estradiol dijnojdonafe administered at frequent in- 
tertals o\er a period of one hundred days fail to influence the cholesterol content 
of the blood or that of the aorta in female castrate.s. 

feeding cholesterol produces hjqjercholesteremia and increased deposition of 
cholesterol in the aorta, regardless of the prc.^c-nce or the absence of the female 
gonads. 

1 Cjtojterorie propionate and estradiol dipropionate irdiibit the hypercholesteremia 
and prevent the excess deposition of cholesterol in the aorta of the female rabbit 
fed cholesterol, but when the gonads arc removed this protective action is abolished. 


AUTItOKS. 
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RaaTj, W.: Sudden Death of a Young Athlete With an Excessive Concentration 
of Epinephrine-Like Substances in the Heart Muscle. Aroli. Palli. 36; 388, 
1943., 

In the case of death of a young, seemingly liealthy athlete the only .striking- 
pathologic change ob-served at autopsy -was an excc.ssively high concentration of 
epinephrine-like substances in the heart muscle (the highest of all values observed 
in a series of 54 normal and pathologic human hearts). 

From the results of studies of the hearts of animals and man it is concluded that 
tills excessive concentration of sympathomimetic amines Avas incompatible wth sur- 
vival and Avas the immediate cause of death. 

Chemical examination of the heart muscle may prove to be of forensic useful- 
ness in cases of unexplained sudden death, jiarticularly in those of death occurring 
under emotional or physical strain. 

Author. 

Coburn, A, F.: Salicylate Therapy in Rheiunatic Fever: A Rational Technique. 
Bull. Johns Hopkins Hosp. 73; 435, 1943. 

A simple method for the determination of the salicyl radicle in oxalated blood 
is described. 

Data on jilasma salicylate le\’ols in relation to dosage of sodium salicylate ad- 
ministered to rheumatic feA’er patients are presented. 

Obseivatious on the relation of rheumatic activity to the plasniii salicylate level 
show that twenty patients maintained at 359 to 400 gamma per cubic centimeter 
manifested a prompt and progressiA’C subsidence of rlieumatic inflammation, and 
that tAventy other patients Avith plasma Ica’cIs beloAV 250 gamma per cubic centimeter 
continued to manifest an active inflammatory process. 

It is pointed out that the intraA'cnous administration of sodium salicylate is 
required to obtain a rapid rise in the plasma concentration of salicylate to 400 
gamma per cubic centimeter. 

A therapeutic technique for the use, first of intravenous and later of oral salicy- 
late, is suggested for the rapid deA’clopment and maintenance of plasma salicylate 
levels above 350 gamma. 

, The results of tAvo years’ experience Avith this technique .■^hoAV that none of 38 
rheumatic patients treated AAoth 10 grams of sodium salicylate, daily, de\'eloped 
valvular heart disease, and that 21 out of 63 similar cases Avho received only small 
doses of sodium salicylate dcA'cloped physical signs of heart disease. 

The observations suggest that a plasma salicylate level of at least 350 gamma 
per cubic centimeter may be required to suppress the rheumatic reaction, and that 
plasma levels beloAV 200 gamma per cubic centimeter may be .sufficient to relievo 
synptoms Avhile masking a i)rogressiA’e inflammatory process. 

Author. 

Middleton, S., and Wiggers, C. J.: Some Effects of Pectin Solutions During Post- 
hemorrhagic Hypotension. Am. J. Physiol. 140: 326, 1913. 

A 1.5 per cent buffered pectin solution exerting an oncotic pre.ssure of 67 
to G8.7 cm. of Avater was injected at a rate of 3 to 5, c.e. per minute after varying 
periods of posthemorrhagic hypotension (50 mm. Hg). 

The usefulness of such solutions is apparently limited to the early periods of 
such hj-potension. Given after thirty minutes, 11 out of 19 dogs shoAved a satisfac- 
tory hemodjmamic response for four to six hours after administration. 

Pectin infusions, giA'en after a posthemorrhagic dilution of blood has already 
occurred, cause a further dilution by A'irtue of the fluid injected, and this is rather 
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well mjiinlmned for four to six hours. Kvideiicc lhat additional dilution results 
from osmotic attraction of water from tissiie.s wjis not found. 

No correlation existed between maintenance of liemodihition and favorable hemo- 
dvnamic reactions; on the contrary, the aninmls that recovered usually showed 
some tendency to reconcentration. This suggc-sts that the demon.strated ability of 
a colloid a to maintain an ctTcctivc oncotic pre.ssurc over a considerable time interval, 
and 1, to increase blood volume in normal aniinal.s is not a satisfactorj- criterion of 
its physiologic usefvlness. 

AVliile no evidence was obtained cxpci-imcntally or at nccroiisy that the rapid 
sedimentation and agglutination produced by .such solutions is harmful, the occur- 
rence of a precipitate failure of tlie circulation in too many experiments, and the 
inability to overcome thi.s by sub.sequent large infusions of blood suggest that 
pectin infusions may exert some deleterious influence when used after severe hemor- 
rhage. Consequently, caution .should be exercised in the employment of pectin solu- 
tions in such conditions. 

These conclusions do not necessarily apjily to states of hyj»otension produced other- 
wise than by loss of blood, and, particularly, when hcmoconcentr.ation exists, 

AUTIIOU-S. 


Nicholson, J, H.: The Intravenous Use of Lanatoside C, New England X' Afed. 

229; 619, 1913. 

Intravenous digitalis therapy may be necc.s.sary when rapidity of action is dc- 
.sired and when the patient is unable to take medication by mouth owing to nausea 
and vomiting or to unconsciousness. Lanatoside C (ccdilanid) given intravenously 
has a wide margin of safety, requires no fractional dosage, and is rapid in action. 
It appears to have a definite advantage over the glycosides of DidilaUs purpurea. 

AUTiton, 


Notice 

J)i. Harnett Binkowitz, of Brooklyn, New York, lias called our attention to the 
fact that, in 19.1.!, in tlie Medical .Journal and Jlecord, volume 137, page 426, he 
published an article entitled “,\n Early -Sign of Cardiac Decompensation,” in 
winch ho reported the observations as tliose described by Dr. A. M. May in his 
paper on The Tongue fiign for High Venou.s Pre.^sure, which iippoarcd in the 
November, 1943, issue of the Amkiuca.v Heakt Joun.VAr. fvolumo 26, page 68.5). 

He feel sure lhat Dr, May must not have known about Dr. Binkowitz’ report, 
and, therefore, that no question of plagiari.sm is involved. Nevertheless, wc regret 
the fact that Dr. Binkowitz ’ previous work was overlooked. 


The EdUorn. 



Book Review 


DOENgAs no CORAgAO (Patologia e Tekai*h;l’TIca) : By T)r. Kcinnldo Chiavcrini, 

Bocente livre de Clinica Medica da Faculdade do Modicina da IJniversidade de 

Sao Paulo. Edigoes Tcenieas , Brasileiras Lfda., Sao Paulo, 194.”,. 672 pages, 73 

illustrations. 

This book on cardiology- is undoubtedly out of the ordinary. Emphasis is placed 
on the cause and treatment of heart disease, with a fair description of the patho- 
logic changes. Desciuption and discussion of the clinical phenomena are, on the 
other hand, purposely avoided. Although some mention is made of signs and symp- 
toms in reference to diagnosis, it is difficult to see how students of medicine will 
be able to obtain a complete picture of disorders and diseases of the heart from 
this book. 

The classification of heart disease follows Cabot's outline. A short chapter of 
. nine pages is devoted to congenital heart disease. In the next chapter the author 
describes “cardio-artieular rheumatism’-' without clearly differentiating between 
active stage and effects of the disease, ilueli space is devoted to treatment of 
this so-called cardio-articular rheumatism by means oC salicylates, sulfonamides, 
and aminopyrine. Inasmuch as no clear description or evaluation of the various 
vahnilar defects is given, one wonders whether the reader will treat a patient with 
mitral stenosis only with these drugs. 

The succeeding chapters deal with cardiovascular syidiilis, bacterial endocarditis, 
acute and chronic infectious diseases, hj-iJerlensivc heart disease, coronary heart 
disease, cor pulmonale, endocrine diseases, beriberi, anemias, pregnancy, pericarditis, 
cardiac trauma, and neurocirculatory asthenia. 

Functional disorders are grouped in the second part of the book. Four separate 
' chapters are devoted to disorders of the cardiac rhythm. Angina pectoris and 
congestive failure arc followed by a plethoric chapter (over 100 pages) on treatment 
of congestive failure. The last chapter of' the book describes failure of the periph- 
eral circulation. 

The chapters are peculiarly arranged. For example, bacterial endocarditis is 
widely separated from rheumatic endocarditis, and coronary- arteriosclerosis and 
angina pectoris are separated by- 240 pages dealing with other subjects. ISTeuro- 
circulatory asthenia is included among “etiologie types of heart disease,” and 
, shock, among ” cardiovascular dy’sfunct.ions. ” 

A possible explanation is the acknowledged purpose of disengaging from anatomic 
lesions in order to link heart disease with the entire category of diseases that may 
affect the rest of the body. This reviewer confesses his inability- to see that the 
purpose was successfully- accomplished. 

The best chapter in the book is Chapter VI, in which heart disease in acute and 
chronic infections is described. 

The figures are few and often poor. 

Dr. Paul D. White contributes an excellent foreword on methods of approach to 
the, fundamental concepts of heart disease. 

ALDO LtlSADA. 
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intestine, duodenum, stomacli, and esophagrus. Such observations, it 
seemed to us, should jdeld information regarding the distribution of 
the diaphragmatic pattern of potential and also throw some light on 
the usefulness of inserting electrodes inlo the gastrointestinal tract for 
study of the cardiac action currents. 


MATERIAL AND METHODS 

The subjects were patients from the Gastrointestinal Clinic and the 
[Medical and Surgical Wards of the Massachusetts [Memorial Hospital. 
Bleelroeardiograjus were made u'ith a Sanborn tri-beam galvanometer. 
In the experiments in which the exploring electrode was placed in the 
<rast7'ointestinal tract, three t.^'pes of electrodes were used:^ (1) a solder 
disc electrode 4 mm, in diameter on a tube described premou.sly,“ (2) a 
standard Rehfuss tip 9 by 17 mm., or (3) a small metal tip 5 by 7 mm. 
The lips were soldered to No. 32 enameled copper wire, conducted 
through rubber tubing so that iiisulation was complete except for the 
tip. The tubes were passed either orally or through the nose, and were 
manipulated into the desired po.sition under fluoroscopic guidance. 
With the exception of four eases mentioned, the exploring electrode 
was paired with one placed over the -spine of the right scapula, an area 
shown by the method of balanced potentials to be one of relatively 
slight cardiac potential variation.- 

CO.MP,\RI,SON OF VENTRICULAR FATTERN.S OBTAINED MUTH THE ISXFLORIKG 
ELECTRODE ON THE LEFT LEO A.N'D VARIOUS OTHER FO.SITIONS 

Anterior Ahdoniinol Wall. — The pattern of potential variation found 
with an exploring electrode oji the antej'ior abdominal surface midway 
between the umbilicus and the .sjunphysis was compared with the left 
leg pattern in 18 eases (Fig. 1, A, B, 0, D, and E). In 14 cases the 
patterns were practically identical in every re.spect, including ampli- 
tude of deflections. In thi-ee cases the patterns were practically the 
same qualitatively, but the amplitude of deflections recorded from the 
abdominal wall was slightly smaller than that j-ecorded on the left leg. 
In one case the patterns differed slightly in that an S deflection (new 
nomenclatui-e j extended a little further below the isoelectric line in 
the abdominal pattern. 

Posterior Abdominal Wall. — The potential p'atterns recorded with an 
e.xploring electrode on the midline of the back below the umbilical 
level were compared with the potential patterns of the left leg in the 
same 18 cases (Fig. 1, A, B, C, D, and E). In all eases the patterns 
v.-ere similar qualitatively, but in only two were the deflections of 
approximately the .same size. In the other 16 ca.ses the deflections 
were smaller when the exploring electrode was placed over the back 
than when if was placed on the leg. 

Small Intestine. — A eompari.son of the potential variations of the in- 
terior of the small inlo.stine beyond the duodenum with tho.se of the 
left leg was made in four cases (Fig, 2, A, B, and 0). In these ca.se.s, 
the exploilng electrode, whicli v.ms ])assed beyond the ligament of 
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Treitz, was paired with an electrode on the right arm, and this lead 
compared with Lead II. In each of the four eases the two leads were 
practically identical. In two of the eases in Avhich the electrode in 
the intestine was paired with one on the left leg, only a negligible 
difference of potential was recorded. 



Pig. 1 . — ^I’he letters A, B, C, D, and E designate cases, and the numerical sub- 
scripts, the positions o£ the exploring electrode. Thus, 1 designates the left leg; 2, 
the anterior abdominal wall below the umbilicus ; 3, the mid-back at the same level 
as 2; J/j the duodenum (.i R the right side and .'/ L the left side) ; 5, the stomach; C. 
just within the lower end of the esophagus ; 7, approximately 1 to 1 % inches higher 
in the esophagus ; S, at the mid-cai’diac level ; and 9, the level of the top of the heart. 

In A note the similarity of pattern with the exploring electrode at various posi- 
tions from tlie left leg to the lower end of the esophagus, and then, as tlie electrode 
is moved to positions higher in the esophagus, the gradual development of a large 
Q deflection and inversion of the T wave (the “endocardial pattern”). In B the 
similarity of pattern is preserved as near the heart as the stomach. At the lower 
end of the esophagus, the beginning change to the endocardial pattern is reflected 
by an increase in amplitude of the Q wave. In O the pattern is also preserved as 
near to the heart as the stomach, but at the lower end of the esophagus the pattern 
is already of the endocai’dial tjme. In D, a case in which there was marlced en- 
largement of the liver and spleen, the QRS complex pattern is preserved as high as 
the lower end of the esophagus, but there is RS-T segment deflection in the duo- 
denal, stomach, and lower esophageal leads: this is, in all probabilitv, an artifact 
caused by movement of the electrode. In E tlie correspondence betu-een the QRS 
complex of the lead with the exploring electrode on the leg and the two leads made 
witli the exploring electrode in different parts of the duodenum is the poorest ob- 
tained between leg and duodenal leads. In the lead made with tlie exploring elec- 
trode in the stomach (Bs), note the marked distortion following the QRS comnlex 
and. m the esophageal lead (Bs), the marked distortion following auricular activa- 
tion. These effects, like those pmnted out in D, are regarded as artifacts produced 
by movement of the electrode. They recur regularlv with even- beat 
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Duodenum . — The potential patlerns reeoi-ded willi an exi)loi'ing elec- 
trode in the descending portion of the duodeniini were eompaj'cd with 
those of the left leg in 24 eases tPig. 1, A, B, C, D, mid h). In 14 
cases the patlerns were in-aetieally identical. In 5 cases the jiattei-ns 
were the same except that the detlections in the duodenal lead W'cre 
uniformly smaller (Fig. 1, C). In one ease the patterns were the same 
except that the deflections in the duodenal lead were uniformly lai-ger. 
Of' the other four cases, three showed minor differences in the QRS 
coinjilex from that of the corresponding leg lead, and t%vo showed 
dift'erences in T waves. In one of these four eases in which leads were 
made from both the de.seending and di.stal portions of the duodenum, 
J* ads from neither portion showed accurate corre.spondence ■with the 
leg lead with respect to the S deflection (Fig. 1, E). Inspection of 
these tracings, however, suggested that the mean potential of the two 
duodenal areas would have I'e.semblod the leg pattern of potential vari- 
ation fairly closely. 

SiomucJi . — The pattei-ns of potential variation of the left leg were 
conipared with those of one or two paids of the .stomach in 36 cases. 



f upp*;*' <-on)pl<ix of «-;ich p:iir in I>oa<1 II; in the- lower 
J ann oloclroilt- rtrnajnoa on tlio right airn, but tho left leg leaf! 

elec-trotlo in the j'dunum. Xote the close correspon- 

• lence or issuerns in each pair. 

^ Ue-sipnatea a lejul with the exploring electrode 
'.d - j I p. P-ilred ypth an electrode oi'er the spine of the richt .“capula. Tiie 
«to(n-o-I " .r„,i exploring electrode was in the right side of Uie 

were'7-,A.7r V-hf “tomach. Xote that the defiectionr 

r f "f. electrode in the left side of the .stomach. In IJ 

there'''!.. r Tr"'' '‘T- T t>‘'- QI’-S Complex, but in F and O 

tu'ie of dehection^ ^ ' ''entricular r«ittem.« exo.-pt for the ampli- 
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the ."opfaped -m.% Vi. w'^rl'-ed K.^t-T segment deflection in 
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c;.p.e,, by the^same dipba.^-ie T w-ave in //, and TH was proba- 
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We Avisli first to present the data in 12 eases in •which the tracings were 
made with the exploring electrode in the pyloric region, and then on 
the left side in the fnndns as near the left side of the diaphragm as 
possible. In six of these eases the potential pattern of the pjdorie 
region Avas similar to that of the left leg (Pig. 2, F). In three other 
eases the patterns were qualitatively similar, but the detlections were 
larger in two (Pig. 2, G) and smaller in one. In the other three cases 
there were minor changes of the QRS pattern in two and slight dis- 
tortion of the T wave in one (Pig. 2,1)). 

When the exploring electrode Avas moved to the left side under fiiior- 
oscopie guidance, in 10 of these 12 eases the paltern of the QRS com- 
plex remained qiialitatWely the same as in the pyloric region. In nine 
the deflections Avere definitely larger (Pig. 2, F and G), but in one case 
they Avere of the same size. In the other tAA'o eases the S deflection 
extended slightly loAver, but otherAvise the QRS complexes Avere similar. 
The T AvaAm Avas of the same sha23e in 10 of the 12 cases at the tAVO 
positions. When the QRS deflections Avere of greater amplitude, the 
T AAmAm Avas also of greater amplitude. In tAAm of the cases in wdiicli 
the QRS complexes Avere similar, the T Avave Avas somcAAhat diphasic 
in tracings made Avith the electrode situated to the left, Avhereas it had 
been a simple upright curve in the lead Avith the electrode in the pyloric 
region in one case, and .slightly diphasic in the other (Pig. 2, D). 

In the remaining 24 cases, in AAdiich no attempt Avas made to place 
the electrode in any particular part of the stomach, but in most of 
Avhich it lay someAvhat to the left, the results Avere as folloAvs: In three 
cases the pattern Avas practically identical Avith that of the left leg 
(Pig. 1, J3). In 12 additional cases the pattern Avas pi-actieally the 
same qualitatively as that of the left leg, but all the deflections Avere 
greater in amplitude (li'ig. 1, A and C). Among the nine cases in 
AA’-hich the pattern Avas classified as different from that of the les:, the 
QRS complex Avas similar in fiAm cases, shoAved minor differences in three 
(Pig. 1, D), and a lack of resemblance in one case only (Pig. 1, E). In 
tAAm of the nine cases, the T Avave AA'as similar to that of the leg leads, 
in fiA’^e the T Avave Avas diphasic, Avith the inverted phase first (Pig. 1, 
D), and in tAAm cases there AAms marked distortion, Avith RS-T segment 
deflection (Pig. 1, E\. 

Esophagus. — Studies of esophageal patterns of potential were made 
in 30 eases. Tracings AA^ere made AAuth the exploring electrode at four 
esophageal positions. The first position AAms as Ioav as possible. When 
this could not be ascertained Avith certainty by fluoroscopic inspection 
■ and resistance to pull on the electrode, small amounts of barium sulfate 
suspen-sion Avere injected through the tube, so that the tip could be 
placed in the terminal half-inch of the esophagus. The second position 
for. -the exploring electrode Avas ai^proximately 1 to 1% inches orad 
from the first. The third position AAms at a level about midAvay be- 
tween the top and bottom of the heart. The fourth position Avas level 
Avith the top of the auricular shadow. In tlie first 11 cases the Rehfuss 
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tip, with its length of 35 mm., was used. In the last 3.9 cases the tip 
with the length of 7 mm. was used. 

The patterns of ventricular potential variation recorded with the 
exploring electrode at the third and fourth positions were entirely dif- 
ferent from that of the left leg in every ease (Fig. 1, A, B, C, D, and 
B). The QKS complex was invariably initiated by a large Q wave; in 
some cases the potential remained negative throughout the entire QRS 
complex (Fig. 1, C), but in others there was a rise above the base line 
in the latter part (Pig. 1, A and B). The T wave was either inverted 
or practically isoelectric in all cases (Fig. 1, A, B, G, B) and E) . 

The lower esophageal pattern Avas practically the same as that of 
the left leg in two of the cases in Avhich the larger electrode, and .six 
of those in which the smaller electrode, Avas used, except that the de- 
flections in the esophageal lead Avere larger (Fig. 1, A). In tAVo cases 
in which the larger electrode, and 10 in Ai'hieh the smaller electrode, 
Asms used, there AS'ere only minor differences in the QKS or T deflec- 
tions, or both, fi'om the potential pattern of the left leg (Pig. 1, B). 
In tAsm cases in As'hieh the large tip electrode Asms used, the loAver 
esophageal pattern resembled that obtained at the auricular level (Fig. 
1, C), and in four the pattern seemed intermediate in type betAveen 
those recorded Avith the electrode in the stomach and at the auricular 
level of the esophagus (Fig, 1, B), In these eases the QRS complex 
Avas initiated by a Q deflection of considerable amplitude. "When the 
.small electrode AA'as placed in the loAver part of the e.sophagu.s, none 
of the patterns Arere the same as those obtained at the auricular level, 
and, in only tA\m eases, Avere the ti’acings intermediate in formi betAA'een 
those recoi-ded from the stomach and from the auricular Ica'cI of the 
esophagus. In one case in Avhich the larger, and one in Avhich the 
.smaller, electrode Avas used, the loAAmr esophageal patteims Avere quite 
different from those obtained from the left leg, oi' stomach, and also 
from those obtained at the auricular IcA'el (Fig, 1, E). The patterns 
recorded A\-ith the exploring electrode 1 to B/z inches orad from the 
loAve.st part of the esophagus had the folloAving characteri.stics: When 
the pattern obtained from the loAAmr e.sophagus resembled that of the 
auricular IcA-el, the pattern of this position aaois also similar (Fig. 1, C). 

hen the pattern of the loAver esophageal Ica’cI aa^s intei'mediate in 
type betAA'een the .stomach pattern and that of the esophagus at the 
auricular level, the pattern 1 to IY2 inches orad from the loAA'cr portion 
.shoAved more of the Q deflection. Even AA'hen the pattern of the loAA'er 
esophagus (Fig. 1, B) resembled that of the left leg, the pattern 1 to 
F/2 inches orad shoAAed some of the Q deflection more fully dcA'eloped 
at higher levris ( Fig. l.A). 

DKCUSSIOX 

The data presented aboA'e indicate that, there is remarkable uniform- 
ity in the patterns of potential A-ariation distributed to the left leg, 
both the anterior and posterior surfaces of the trunk bcloAA- the level 
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of tlie umbilicus." and the small intestine, including the duodenum. 
There is ho appreciable tendency toward decrement in this pattern of 
potential variations between a position so near the heart as the de- 
scending portion of the duodenum and so far away as the left leg. 
However, it is of interest that a distinct tendency toward decrement 
is found on the surface of the back in positions considerably nearer 
the heart than the left leg. 

The correspondence between the patterns obtained with an exploring 
electrode in the stomach and those recorded with an electrode on the 
left leg, although remarkably close, particularly in so far as the QRS 
complex is concerned, is nevertheless not as exact as in the case of the 
positions discussed above. ‘Wolferth, Livezey, and AVood" have pointed 
out that the preservation of patterns of potential variation throughout 
extensive regions of the body does not apply to regions very near some 
part of the external surface of the heart. It had, of course, long been 
known that tracings made with an exploring electrode on various pre- 
cordial areas reAmaled diherenees in the potential patterns of areas 
near each other. However, it was also shown that the patterns ob- 
tained in experimental animals fi’om positions within the lungs near 
the heart and near each other differed, and those obtained from posi- 
tions on the diaphragm near the heart and near each other also dif- 
fered. Aloreover, these patterns obtained from the lower surface of 
dhe diaphragm near the heart varied somewhat from the pattern re- 
corded from all other parts of the undersurface of the diaphragm. 

In some of the eases studied in this series it was noted fluoroscopicaUy 
that the exploring electrode was near that part of the diaphragm 
directly underlying the heart. It was in such cases that the corre- 
spondence of the stomach and leg patterns of potential variation was 
less exact, although even under these circumstances there was usually 
a fairly close resemblance. In the series of cases in which tracings 
were made from two stomach positions, the effect of decrement in 
potential variations as distance from the heart increased was clearly 
demonstrated. However, in some cases there seemed to be no further 
decrement between the pyloric region and the left leg. 

The distortion of the T wave and the RS-T segment in a few of the 
electrocardiograms made with an exploring electrode in the stomach 
and the lower end of the esophagus perplexed us somewhat. It seemed 
most likely that these changes resulted from adventitious causes. 
There was no correlation with the level of gastric acidity, and no other 
reason to believe that there were polarization effects. Because these 
changes were more likely to be found when the electrode was known 
to be near the heart, we attributed them to movement of the electrode 

*Unpublished studies (Wolferth, C. C., and Livezey, M. M.) made in cases of intra- 
ventricular conduction defect and bundle branch block, ■with their more intricate 
patterns,' confirm the general conclusions derived from this study regarding the dis- 
tribution of potential on tlie trunk belo-w the level of the umbilicus, but sho-sv that 
the correlation bet'ween patterns on these areas and the left leg is not quite as close 
as is suggested by studies on normals. In general, the potential variations on the 
left flank tend to be slightly greater in amplitude than those of the anterior or pos- 
terior surfaces of- the trunk or the left leg, an'd those of the right flank are less than 
those of the other positions. 
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caused by the lieartljeat. This view receives some sui)])ort from tlio 
fact that at, and sli^rhtly belou’, the auricular level iu the esophagus, 
marked deviation from the isoelectric line is sometimes observed just 
after the “QK8 group” of aui-icular deflections rccoixled at that level. 
The fact that such artifacts may occur obviou.sly impairs the value of 
stomach and esophageal electrocardiograms. 

The esophageal electrocardiograms made with an exploring electrode 
at or slightly below the auricular level boar a resemblance in their 
general characteristics to tho.se obtained in experimental animals, with 
an exploring electrode within one or the other venti-icular cavity. We 
are in agreement with the sugge.stion of Brown.’ to Ihe effect that, at 
the auricular level, endocardial potential is tapped by the exxdoi-ing 
'•lectrode. At positions between this level and the lower end of the 
f'sophagus the effect of this pattern was clearly discernible, in that a 

deflection of considerable magnitude was usually present. At the 
lower end of the c-softhagus the pattern found in nearly all cases was 
one of tln-ee types, namely, (3) the diaphragmatic pattern, (2) the 
‘'endocardial” pattern .sirnilai- to that recorded at the auricular level, 
or (3) a compo.site pattern intermediate in type between the diaphrag- 
matic and endocardial patterns. Our limited studies .sugge.st that the 
chance of recording the diaphragmatic pattern of potential in the 
lowc)' ijfd'tion of the e.sophagi;s is greater ■when a .short electrode is 
u.sed, but. even with a very small electrode, the endocai'dial pattem 
jnay be recordf-d from that region. 

t.'onsequently, entirely aside from the po.ssibility of artifact in e.sopha- 
geal eleetrocardiogram.s. the A'ariability in the typ(?s of curves obtained 
in normals from the iowe.st part of the esophagus has made us feel that 
standardization of leads in this area, to the extent that reliable opin- 
ions can Ije jormed regarding interpretation, Avill prove to be extremely 
flif/ieull, ii it can be accomxjlished at ail, ^Moreover, at pixesent there is 
very little reason to thinli that any great advantage is obtained by 
recording the diajjhragmatic j)attern in the e.sophagus in addition to 
that of the .surface of the leg. However, the endocardial pattern re- 
coi’ded at the auiiculai' level cannot be obtained vrith an exploring 
electrode on the body sairface. Further iinx.stigation will be required, 
particularly in patients with various types of cardiac damage, before 
a deci.sion can be reached as to whether .study of the esophageal pat- 
tern at the auricular level has any cJinjcal value aside from .study of 
auricular activity. If not, there will be little reason to think that 
electrical exploration of the dige.stive tube adds anything of value to 
study of the ventricles, over and above wliat can be learned by placing 
electrodes on nujre readily accessible parts of the body. 
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pattern, is. likewise distributed to the anterior and posterior surfaces 
of the abdomen beloAv the umbilicus, and to the jejunum and the duo- 
denum. It is distributed to the stomach, although, in certain cases, 
particularly Avhen the exploring electrode is moved to a xiosition di- 
rectly under and near the heart, the patieiu is not faithfully maintained. 

.2. The amplitude of potential variations does not tend to change 
materially' between a position as near the heart as the pyloric region 
of the stomach and as far away as the left leg. Decrement between the 
heart and the posterior surface of the back, however, tends to be 
greatei* than that between the heart and the left leg. There is apiire- 
eiable decrement between the fundus and the pyloric end of the stomach. 

3. The pattern of ventricular potential variations recorded with the 
exploring electrode in the esophagus at the auricular level is similar 
in its general characteristics to the pattern obtained when an exploring 
electrode is placed within a ventricular cavity. AYhen an exploring 
electrode is placed at the lower end of the esophagus, the pattern re- 
corded may resemble either the pattern with widespread distribution 
below the diaphragm or the “endocardial pattern” recorded at the 
auricular level, or it may be inteiniediate in form between these two,, 

4. AYhen an electrode is placed either in the stomach or esophagus 
in positions close to the heart, bizarre electrocardiograms are occasion- 
ally obtained. These bizarre etfects are attributed to movement of the 
electrode by the heart. 

5. The lower end of the esophagus, as judged from a series of con- 
trols, is an unfavorable position for the ai^plication of the exploring 
electrode in clinical electrocardiography because of the diversity of 
Xiatterns found in normals and the apparently hopeless task of stand- 
ardization of curves for that area. The “ endocaixlial pattern” of 
potential variation recorded at the auricular level of the esophagus 
deserves further investigation. 

6. We have found no position, or combination of positions, for the 
ax)X)lication of an exjiloring electrode below the diaphragm, either on 
the body surface or within the lumen of the digestive tract, which is 
superior to the left leg for the study of ventricular electrical activity, 
although any position below the level of the umbilicus can be used to 
demonstrate the same pattern. 
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A STL'DY 01-^ .’\IBTH0DS OP MAKING BOAJAIJ.ED UNIPOLAR 

ELEGTROCARDIOGRAAIS 


Charijcs C. Workerth, M.D., akd ]\Iary !M. Ln'i^KY, jM.D. 
Phieadeephia, Pa, 

T he almost simultaneous demon.stratiom tliat chest leads are capable 
of reflecliuo: Ihe presence of injuiy in certain parts of the heart when 
Jimb leads fail lo do so,’ and that the order of excitation of the humaii 
ventricles in bundle branch block can be ascertained by chest leads 
far better than by limb leads'- raised new problems in eleetrocardi- 
ographj' which have not as .yet been eompletrdy solved. Tlie obvious 
deficiencies of limb leads and the equally obvious necessity for the use 
of chest leads, at least as a supplement lo limb leads, made it seem de- 
sirable to try to leai'n more about the distribution of potential of cardiac 
oi-igin on the body surface. Such information is essential if electro- 
cardiographic procedures, are to rest upon a scientific Ijasis instead of 
continuing to rest upon empiricism or unverified assumptions. 

In order to study such problems it is first of all necessary to have a 
method, or metliods, by which the potential t}'an.smitted to an exploi’ing 
electrode as a re.sult of cardiac actio 7 i curi’ents is not materially dis- 
torted in elect roeardiograms bj’’ the potential transmitted to the electrode 
or system of electrodes with which the exploring electrode is paired. 
At least three attempts have been made to develoi? “unipolar” leads in 
man. The methods used have had to rest upon assumptions, the validity 
of which remains open to que.stion. 

Wilson,® in his central terminal method (which, for brevity, we shall 
refer to as the CT method), sulitracts in effect the mean potential of the 
right aim, left arm, and left leg from that of the exploring electrode. 
In oi’der to conclude that by .such a procedure he records the potential 
of the exploring electrode, he mu.st a.ssinnc, as he has pointed out, the 
validity of the Einthoven equilateral triangle hypothesis. 

Molz^ immersed all of the body except the head in a conducting 
fluid bath (Leitnngswassei') lined by a copper network, and as.sumcd, as 
t!)e result of experiments with a model, which are not jmrlinent to the 
problem, that the potential of the netwojk remained con.stant. 

Eekcy and PT’ohlich" modified Molz’ pi’ocedure in a vai'iety of %vays. 
The body was completely immersed in distilled water (so tliat pre- 
sumably all of the cicefrolyfo in llic water was that deiived from the 
hody suriace) and compietcl.v surrounded In* a copper network ivithin 
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the fluid' ball). The proof offered^ by these workers that tlie potential 
of their network remained constant (so tliat a unipolar lead could be 
obtained by pairing the network and some body area) was that a dif- 
ference in ]iotentiai of cardiac origin could be demonstrated between 
the copper network and the water inside (which sina-ounded the body), 
whereas no difference in potential could be demonstrated between the 
copper network and the water outside the network. They state that the 
results obtained by their procedure difl’ered materially from those of 
Molz, but were in good agreement with those of Wilson’s CT method. 
This latter observation Avas confirmed by Burger.*^ In a recent paper, 
Wilson" has stated in effect that such studies ''demonstrated” that the 
largest potential variation of the central terminal docs not ordinarily 
exceed 0.3 millivolt. It therefore becomes a matter of some importance 
to inciuire into .the validity of Eckey and Fiijhlich’s procedure in an 
effort to ascertain whether Wilson’s method, which at least has the ad- 
vantage of being ])i'aetical for clinical electrocardiography, may be ac- 
cepted as valid, or Avhether both procedures are still to be. regarded as 
open to question. 

EXPERBIENTS ON JOCKEY AND FROHLICH’S IMME.RSION PROCEDURE 
FOR OBTAINING " UNIPOLAR” LEADS 

■An enameled pan ai)proximately 20 inches long, 8 inches wide, and 6 
inches deep was filled nearly to the top with distilled water. A sheet of 
bronze fly-screening ivas molded into the form of a bowl with a diameter 
at the top of approximately 6 inches. It was placed in the distilled 
, water bath, the sides of the screen being high enough so that the Avater 
inside Avas completely .screened from the Avater outside. The screen AA^as 
insulated from the pan by rubber sheeting. The right arm lead Avire of the 
electrocardiograph Avas attached to the screen. The forefingci's of both 
the right and left hands Averc placed in the bath inside the screen about 
5 inches apart, near opposite sides of the screen, and an electrode at- 
tached to the left arm lead Avire Avas placed in the bath inside the screen 
about 1/4 inch from the forefinger of the right hand. The sensitivity 
of the apparatus Avas adjusted so that 1 nw. 3 cm. The tracing ob- 
tained is shoAvn in Fig. 1, A-1. The left arm electrode Avas then removed 
to the bath outside the screen, under AAdiich circumstances no difference 
of potential developed (Fig. 1, A-2). 

. The above results are identical in principle Avith those obtained by 
hlckey and Frohlieh" Avith respect to the potential of tlie netAvork and 
the water inside and outside the iietAvork, and constitute all of the evi- 
dence adduced by these authors to demonstrate that the i)otential of 
the netAVork remains constant. If such evidence proves that the po- 
tential of the netAvork in Eckey and Prbhlich’s procedure remains con- 
stant despite the fact that a human body Avas inside their netAAmrk, it 
Avould also p]-OA'-e that the potential -of our screen remains constant Avhen 
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a part or pails of the body are in contact with the water inside tiic 
screen. As a matter of fact, the evidence cited above does not prove 
that the potential of Bekey and Frcihlicli’s network or of our screen 
remains constant, but is irrelevant to that problem. There is reason 
to jn-ediet that, in the Eckey and Frbhlich procedure, the relative near- 
ness of a part of the body to the .screen will influence the differences of 
potential of cardiac origin which develop between the surface of such 
a part and the screen. If this is the case, the procedure is obviou.sly 
useless as a method for making unipolar electrocardiograms. The prob- 
ability of occurrence of this phenomenon can he tested by a simple ex- 
periment, using the model we have described above. 

A long needle electrode, insulated except at the tip and connected 
with the right aim load wire, Avas strapped to the right forefinger in 
such a Avay that, when the finger was iilaccd in the water bath, the 
electrode was completely in.sulatcd from the bath, TJius. the finger con- 
stituted the sole source of potential variation of cardiac ongin trans- 
mitted to this electrode. An electrode attached to the .screen was con- 
nected with the left aim lead ivire. Both the right and left forefingers 
were placed near the middle of the Avatcr bath inside the screen, each 
to a depth of approximately 1 cm., and apjn’oximately 1 cm. from each 
other, and an electrocardiogram Avas made (Fig. 1, B-J). The right 
forefinger, in.seifed to approximately the .same depth as before, AA'as 
then moA'ed to Avithin I cm, of the edge of the screen, and the electro- 
cardiogram Avas repeated (Fig. 1, B-2). 

The above experiment demon.strates that, despite the fact that no 
differences of potential developed betAveen the screen and the part of 
the Avater liath outside the screen (te.sted in each instance as in Fig. 1, 
B-3’), moA'ing the right forefinger from a position near the middle of the 
part of the bath inside the screen to a position much nearer a part of 
the screen, n'hile the left forefinger remained in a relatively constant 
position, caused definite changes in the differences of potential betvA'cen 
the right forefinger and the screen. Whether the.se changes are due to 
changes in the potential A-ariations of the electrode attached to the 
.screen, or the electrode attached to the finger, or both, is of no great 
importance in so far as the validily of the method is concerned. The 
fact that the electrode on the finger As-as insulated from the A'/ater .sug- 
gesfed that the ehange in potential A'ariations AA'as in the electrode at- 
tached to the screen. This view is .supportefi by A'arious other experi- 
ments. of Avhich one is described hercAvith. 


If an electrode attached to the left leg is connected Avith the left leg 
lead AA'ire, and an electrode attached to the screen is connected Avifh the 
right arm lead aa'ii-c, ami the right Jorefingei' is placed in the pari of the 
AA,iter bath insidf- the sci'ccu, an elect rocai'diog ram made under such 
conditions resembles f.ead II tPig. 1. J-.V and A-fs. If, Jiowever, the 
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light toiofiiigcr is i'e]'>Iaccd by tho leJ;t forchiiger, (be electrocardiosTani 
resembles Lead III (Fig\ 1, A-o and A-6). Tliese results are what one 
would expect ii! the polcnfial variations of the finger in tlie bath were 
transmitted to the screen. Tliey ivould be difficult to explain in any 
other way. 

From the ob.servat ions in the various experiments described above, it 
seems to us ])rope]' to eonclndo that the reason advanced by Eekey and 
Frolilieh to sippiort the claim that their mmemon procedure can be 
used to obtain unipolar loads has no nici-it. We are therefore not 
gi-eatly moved in favor of the CT procedure by Wilson’s assertion that 
vstudies made by Eckey and Friihlich s ])rocedurc ‘“demonstrated” that 
the potential variations of the central terminal do not usually exceed 
0.3 millivolt. The current flow in water with a low eleetroh'te content 
and in a network seems to he about what would have been anticipated 
from established laws of physics. 



Pip. 1, See text for explanation of illustrations. 


The dubious status of Eckey and Frbhliclrs procedure emphasizes 
the importance of attempting to obtain at least some evidence bearing 
on , the accuracy of Wilson’s CT method before accepting it. It oc- 
curred to us that there might be some value in comparing certain re- 
sults obtained by CT “unipolar” leads with those obtained by pairing 
the exploring electrode with one placed o\ei‘ the spine ot the light 
scapula (w' hi ch, for brevity, w-e shall call the RS method). This latter 
pi’ocedure, as we have demonstrated hj comparison with the method of 
balanced potentials,"- produces less subtraction or interference effects 
on the potential variations of the exploring elegtrode than is produced 
by paiilng it w-ilh either the right or left arm. 
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COMPAIUSON OF THK CKNTRAL TEBOTNAl, JOCTHOD FOB KICCOUDIXO THIC 
J'OTENTIAb VARIATION'S OF AX' EXPEOKING ELECTRODIC WITH THE 
AIETHOD OF PAIRING THE EXPEORTNG ELECTRODE WITH 
ONE PLACED OVER THE SPINE OF THE 
RIGHT SCAPULA 

Jn 1634, when WiJson and his associates’'^ I'ejiortcii studies ot: biiiKlle 
Jwuncli block in wiiicli the CT inethod was used, llie following state- 
ments aiipeared: “A second peeuliarlt.y of the precordial curves in 
right bi'anch block is the prominent upstroke at the beginning of QllS 
in the leads taken furthest to the right. This deflection occurs in canine 
as well as in human curves. No similar deflection is })r(!sent in direct 
curves from the right ventricle of dogs ivith right branch bloclc. For the 
time being the origin of this summit remains obscure.” The upstroke 
refeiTcd to in the above quotation, because of the polarity used at that 
time, represents relative negativity of the exploring electrode, and 
would be a downstroke with the polai-ity used at pi-c.sont. In a recent 
paper Iw "VYilson and his associa1e.s," in which the electrocardiographic 
abnormalities in right bundle branch block ai'c described, we were un- 
able to discover any reference to the unexplained deflection in leads 
made over the right side of the precordium by the CT method. It is 
nevertheless well illustrabid in Figs. 11, 32, 34, and 35 of that jiapcr. 
We shall attempt to .show in a part of the evidence 1o be jn’csonted that 
this deflection has a significant bearing on tin? validity of Wilson’s 
“unipolar” Icad.s. 

It is generall}' a.ssumed that the potential variations of an epieardial 
area are so much greater than those of other jiaifs of the body away 
from the heart that loads made with one electrode on the epicardium 
and the other on some area away from the heart arc in effect unipolar 
leads,' This view is siqqjoj'ted by the fact that the position of the 
distal electrode has little influence on the form of .such an electrocardio- 
gram. On the other hand, a change in the position of the distal electi-ode 
is capable of modifying the form of the precordinl electrocardiogram, 
although in genei'al these curves ai-e dctermimsl mainly by the position 
of the exploring electi-ode. It is also a.ssuined by many workers, both 
from theoretical considerations and from the results of e.xperimental 
obsen'ation.s, wliich need not be reviewed here, that the potential of a 
precordinl area is dominated by the action ciu'rents flowing in the f)art 
of external cardiac surface neare.st to it. We know of no evidence not 
in accord vdth tins assumjilion. Obviously, however, one would ex- 
])C;ct decrement in the magiiitude of i>olentiai variations as the di.stance 
from the heail increases (which .seems to have been clearly confiimed 
by experiment), and, equally obviou.sly, the i-atios of di.stance between 
the electrode and various xmrLs of the heart are altered as Ibe electrode 
i-s moved from contact with the heart to some jx/wi farther away. 'I’hus, 
while llierr- may be a j-esemblance between an epieardial lead and one 
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fioin tho o^eli^i^g precord iuni, they may have important clift'ereuces 
qualitati\eh as veil as cpiautitativcly. It follows, therefore, that a 
inateiial clifteieneo in torm bctAveeii an epicardial and. ovcrlA'ins,’ pre- 
eorclial lead may result from (1) a difference in the potential varia- 
tions transmitted to the exploring electrode because of the fact that, 
vheii elect 1 odes o.l' the .sani(" size are used, the precordial electrode is 
materially influenced by a relatively larger area of the epicardial sur- 
face, or (2) in precordial leads, the distal electrode or set of electrodes 


may no longer be relatively indifferent, so that the precordial lead is, 
to a certain extent, a subtraction or interference curve. 


The second of the above-mentioned possilhlities, namely, that Wilson’s 
‘nuiexplaiued deflection”'’' is derived from the central terminal, does 
not seem to have been tested. If evidence could bo obtained that the 
potential of the central terminal does not remain constant dnrmg the 
heartbeat, it. would open to question the value of Wilson’s method for 
recording the potential variations of single areas, and particularly of 
positions so far from tlio heart ns the extremities. Thus, Wilson’s con- 
clusion that the potential of tho )*ight arm is conspicuously negative 
throughout the greater part of tlic QRS interval might be one of a 
series of iueorroct statements. This is due to the fact that, vhen the 
exploring electrode is i)laeod at a distance from the heart, the form 
of the electroeardiognim might not only be influenced b}' the potential 
variation of the conlrai terminal, but might actually be dominated by 
it, if the potential variation transmitted to the exploring electrode hap- 
pened to be of relatively small magnitude. It is of ^dfal importance to 
electrocardiograph that., if error in matters of this nature exists, such 
error be recognized. If, on the other hand, there is no important source 
of error in Wilson's * -'unipolar” leads, they should be used for prac- 
tically all elcetroeardiographie work. We shall therefore inquire into 
the credibility of assumptions which mu.st underlie "unipolar” leads 
and also those which must underlie our US method. We shall then 
present the results of certain tests of the ability of these methods to 
demoustiute distribution of potential variation in accord with the 


uu derlyin g assumjitious. 

Th&' Assumptio^ns Underlyincj the US and CT Methods.--We have 
emphasized in previous publicatioiis''’ that two assumptions have to 
be made to establish our balanced potentials procedure and its simpler 
•substitute of pairing the exploring electrode with one placed over the 
spine of the right .scapula (RS method) as methods of recording the 
potential variations of an exploring electrode. The finst is that an 
approximate balance of potentials among the positions on vhieh elec- 
trodes arc placed, with their varying patterns of potential variation, 
cannot oeenr consistently by chance throughout the entire ventricular 
complex although it might readily occur by chance at a single instant. 
It has seemed to -ns to be safe to make this assumption. The second 
assumption is that, along surface lines extending from the right and left 
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borders of the iieart to the corresponding shonldei-, there is no part of 
the potential variation that is not sui)jecl to decrement as distance 
from the heart increases. It is recognized that the validity of this sec- 
ond a.ssiimption does not liave to he eojiceded. Tlie magnitude of tlie 
error involved iji this assumption measures the error of the method 
of balanced potentials as a unipolar procedure (plus a slight additional 
error, usually not exceeding ] mm. for any part of the ventncular com- 
plex, because of the combijiation of technical fault and dfscrepaney be- 
tween the prediction of accurate pre.servation of patteni and experi- 
mental observations) . 

It is e.s.sential to the Eintlioven equilateral triangle hj^pothesis that 
the ti-unk function as a homogeneous fluid volume conductor, and it 
is therefore inevitable, if that hypothesis be valid, that all potential 
variations be subject to decrement as distance from the heart increases.” 
Comsequently, our second a.ssumption is a necessary part, but by no 
means the whole, of only one of the a.ssumplions which underlie the CT 
method. If our assumption, which, however, does not require that the 
body function as a homogeneous fluid volume conductor, is not valid, 
neither procedure requires further consideration. If, on the other 
hand, the second assumption we have made is valid and the lusults ob- 
tained by this method and Wilson’s CT method differ materially — 
which they do in most eases^ — there seems to be no po.ssibility that the 
a.s.sumptions which underlie the Eintlioven hypothesis are all valid, 
or that the CT method is justified. 

Among the various reasons for susiiecting that the Eintlioven hy- 
pothesis is subject to enoimous error arc the easily denioii.strable dif- 
ferences in decrement of potential variation above and below the dia- 
phragm as di.stance from the heart increases. We have already pub- 
li.shed studies which illustrate this fact in man, and have shown in ex- 
perimental animals that there is comparatively little decrement between 
positions so near the heart as just below the diaphragm, and the left 
leg,® although, in man, there may be apiireciable decrement on the .sur- 
face of the back.’- Again.st this may be contrasted the very rapid 
decrement found on the front of the chesC- ® or in the ccsophagus above 
the level of the heart. The di.stribution of potential on the upper pail 
of the human abdomen seems to be complex, but there is definite evidence 
to indicate that in this area there is rapid decrement of the precordial 
patterns as distance from the heart increases. In the .same area there 
is probably fairly uniform di.stribution of the diaphragmatic pattem, 
.similar to the distrilnition of this patteiai to other positions below the 
diaphragm in man and to tlie entire body .surface below the diaphragm 
in dogs.® If thi.s be the case, we have one pattern of potential fairly 
uniformly distiibuted on tlie iqiper part of the abdomen, and another 
subject to rapid deci-ernent. Thi.s behavior raises a question as to the 
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iustilic'iitioii ol: an assumption that there is no nnitorin distribution of 
a potential pattern to all regions above the diaphragm. Such an as- 
sumption, if valid, would mean, as stated above, that approximately 
unipolar leads could be recorded by the method of balanced potmtials. 
If it is uot valid, the method of balanced potentials merely reduces 
interference with the potential variations of the exploring electrode by 
eliminating the i)otential variations concerned in the formation of 
Lead I. irrespective of whether the electrodes by whien the balance 
is achieved are on the right or the left side. 
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change as the amplitude of recorded deflections increases or decreases. 
Studies of the intricate patterns of bundle branch block made in our 
laboratory by the RS metliod, which tend to exhibit relatively smaller 
deflections in the right flank and back and sligiitly larger deflections 
in the left flank than in tlie left leg, show excellent pi-esorvation of pah 
lern in all these positions. In the recent study referred to above, it 
ha.s been demonstrated by the RS method that the pattern recorded from 
the left leg and from positions .so near the heart as the fundus of the 
stomach or the lower end of the e.sophagus maj'- be practically identical, 
except for a marlced increase in the size of deflections at positions near 
the heart. These observations would seem to rule out the likelihood, 
although not the po.ssibility, that any pattern other than the one re- 
corded is concerned.^' 


One of the assumptions required by the Einthoven hypothesis' is thal 
the attachments of the extremities are far enough awaj" from the heart 
that electrical activity in one part of that organ posses.ses no advantage, 
by virtue of its relative distance, over electrical aetivitj'’ of any other 
part in exerting an influence on the potential variations of an extremity. 
We have shoum bj'' the method of balanced potentials, by the RS method, 
and by pairing the electrodes about the attachments of the armsf that 
the pattern of potential variations of tire right arm is u.sually similar 
to that of the right side of the prceordium, except that the deflections 
are very small.®’ ® It was shorni by the same methods that the pattern 
of potential variation of the left arm is similar to that obtained from 
a position just outside the left border of the heart. Moi'eovor, as was 
stated above, it has been .shown by the RS method that the pattern of 
potential variations of the left leg is similar in the great majoritj" of 
cases to the pattern j-eeorded from the duodenum or from parts of the 
stomach, and not infrequently to patterns recorded fi’om the lower end 
of the e.sophagus.’^ Furthermore, cardiac injury leading to the develop- 
ment of abnormality in one of these patterns does not nece.ssarily cause 
abnormality in the other patterns (unpublished obsexwations). Such 
relations we regard as one of the many observations which are incom- 
patible with the Einthoven hypothesis. 


•Potential variations uniformly fll.strlbutcd throujjhout area.s to which electrodes 
applied obviou.«ly cannot be detected, for wc mea.sure only difference of potential. 
This fact exposes to error any so-called unipolar lead made under condltion.s where 
such a possibility exists. This can be demonstrated by the following .simple ohserva- 
contect is made between two subjcct.s with .shin resistance low enough for 
mean potential of that part of one subject In contact Is 
hv throughout the other subject. X'hl.s phenomenon is not detected 

the i-xV.wt'Al ”5 electrodes on one .subject .alone. It i.s necessary to place 

various point of contact, and after contact lias been made, at 

t^s re?ordf*tW^L-?(i, .second subject, ob.sorvlng the slmll.arity of pat- 
seSlnd'^ iublect t' connections on the two hodic-.s, an electrocardiogram of the 

s.c.,na sumect v.ill also he recorded). The.se phenomena are illustrated In Fig. 2. 


v.dilc!\’hs/’ Groedel’s partial electrocardiograms.” 
riplit ventricle Potcntl.al of the richt ;irm is derived from the 

pounllai var ation” ‘h® ventricle. In reality, the 

•at the anterior imrfaL'of are dominated l;y tlie action currents occurring 

lo.a.st from e?ectrica? act! viV, ‘ ventricle fwhlch in turn arc derived in part, at 

the left ,ann are don in^Ued jK- ‘^e left ventricle), and Oic potential variations of 
ventricle (which likewise ar^J? action currents at the .onteroIatenaT wall of the left 
ucn iiKowise are derived In part from activity in the right ventricle). 
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Studies on the electrical characteristics of tissues"^''" in attempts 
to obtain evidence whether they behave in a manner consistent with 
the assumption that the body functions as a homogeneons fluid volume 
conductor have led to conclusions which arc not in full agreement. In 
fact, only one of these studies"^ seems to offer any support to the as- 
sumption, but since no attention is paid to the relationships of tissues 
to each other as they occur in the human body, the possible significance 
of that study from our present viewjioint remains to be decided. 

Prom the foregoing discussion, ive conclude that such tests as have 
been made of the assumptions required to support the prediction that 
the mean potential of the riglit arm, left arm, and left leg will remain 
approximately equal to zero throughout the cardiac cycle,* instead of 
confirming tlie validity of that prediction, tend to increase the doubt 
concerning it. It is therefore necessary to obtain further evidence, 
which can be done by direct comparison of some of tJie data obtained by 
the CT and PS methods in a study of the distribution of potential of 
cardiac origin. 

CoynjmnsGn of Rcsidff; Obtained btj KS and CT Methods . — In iJie ob- 
servations to be reported iielow, in which certain results of the two 
methods are to be compared, both the centi-al terminal and an electrode 
on the spine of the right scapula were paired witli tlie same exploring 
electrode so that tivere could lie no question as to the sources of differ- 
ences in the tracings or the time incidence of deflections. A resistance 
of 50,000 ohms was interposed between each of the electrodes connected 
with the central terminal and the terminal itself. Three types of ob- 
servations were made in tliis study. 

Observation, l.—li the unexplained upward (downward, according to 
the polarity used at jircsent) deflection recorded from the right side of 
the precordium in right bundle branch block results from potential 
variations of the central terminal, the following may be expected to 


be true : 


a The unexplained deflection will not be subject to decrement as 
the exploring electrode is moved toward the right shoulder, although 
the potential transmitted to the exploring electrode may be subject 

to decrement. 

b; The differences in potential between the central terminal and a 
relatively more constant potential will include part or all of the un- 


explained deflection. 

c. The potential variations of the right side of the precordium re- 
corded by a more accurate method should resemble those found over the 
epieai'dium of the right ventricle of the dog more closely than those of 
the OT method, in that the unexplained deflection will be either absent 


or smaller. 


*mu thp differences of potential between the central terminal and 

*The sum of the mnei enccb ur i obviouslv must equal zero. Failure to 

electrodes on each of |*^^®® tf e„aTical relationship might lead one to think that 

of the OT method. 
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In Fig. 3 the following point.s, repre.sent alive of j'esuHs in .six ea.se.s, 
are illustrated : 

. 1. The '‘unexplained deflection” is present in a case of right bundle 
branch block, just as Wilson’® found it when the right side of the pre- 
eordiuin i.s paired with the central terminal (A-1). It docs not de- 
crease in size as the exploring electrode is moved to successive positions 
farther from the heart in the direction of the right shoulder, 
although the other parts of the QRS complex are subject to decrement 
(A-J! and A-3) . On the right arm this unexplained deflection is greater 
in amplitude than any other deflection of the QRS complex, and actu- 
ally dominates the pattern (AA). 

2. The unexplained deflection is present in a lead made by the CT 
method with the exploring eleeti-ode placed over the spine ot the right 
scapula (B series). 

3. Leads made by the RS method with the exploring electrofic on 
the Cj position, the right arm, and intermediate positions fail to show 
the unexplained deflection, and, to this extent, resemble the tracings 
which Wilson obtained from the right side of the heart in canine 
bundle branch block {A series). 

Observation 2 . — Decrement as an exploring electrode is moved from 
the right side of the preeordium in the direction of the right .shoulder 
can be demonstrated by any method of pairing electrodes, ])rovided 
the distal electrode or set of electrodes is placed at a distance from the 
heart. If the distal electrode makes a contribution to the electrocardio- 
gram, this contribution will be relatively greater as distance of the ex- 
ploring electrode from the preeordium increases and interference with 
the pattern of the exploring electrode corre.spondingly increases. Con- 
sequently, the method by which integilty of patterns is best maintained 
probably records tracings with the least interference from the distal 
electrode or central terminal. Figs. 3 and 4 illustrate the superiority 
of the RS method over the CT method in reflecting the integi'it.y of pat- 
tern as the distance of the exploring electrode from the heart increases 
(Figs. 3, A, C, and D series. Fig. 4, A, C, and D series). 

Observation 3 . — If electi'odes arc paired by placing the di.stal elec- 
trode on the tip of the right acromial proce.ss and the exploring electiode 
on the right anterior axillary fold, the re.sulting electrocardiogram re- 
sembles the pattern of potential variations of the right arm as obtained 
by the RS method, and u.sually does not resemble the pattern obtained 
by the CT method (Figs. 3, A-i and A-o, 71-/ and J)-o; Fig. 4, A-3 
and A-4, Q-i and 0-3). Similar relationships are found when elcctrodiis 
are paired in the same way about the attachments of the left arm. The 
agreement between RS and CT method.s is bcttei- for the left arm than 
the right becau.se the potential variations of the left arm are usually 
greater, and the potential variations of the “indifferent electrode” are 

*It actually to incroa.sc in Mzt; becau-se of of Uic iicutnilizinfr effect 

of lio.-sitive potential v.oriation derive'I from the explorinff electrod*'. 
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In the past there has been no means hy which the p)-obable validity 
of the CT method of making nnipolar leads could be tested, although 
attem])ts have been nuide to use the immersion procedures for that, 
purpose. There is no comidetely satisfactory method now, and perhaps 
because of the impos.sibility of being certain that one is recording the 
potential variations of a single electrode, none can be devised witli ap- 
paratus now available. Nevertheless, a.s we have tried to show, it is 
possible, by eom]>aring certain differences in results obtained by the CT 
and -KS methods, to secure data whicli have a definite bearing- on the 
validity of the Iavo pro('ediP‘('s. In this study we have concentrated our 
attention, as discussed in detail below, on (.1) the comparative ability 
of the two methods to demonstrate preservation of certain patterns of 
]iotential variation as ]-ecorded from positions near the heart and from 
othei* positions much farther from the heart, (2) a comparison of the 
results obtained in reeording the potential variations of the iipiier ex- 
tremities by these methods and by pairing- eloetrodes aei-oss tlie attach- 
ments of the arms, and (3) the behavior of Wilson’s ‘'unexplained 
deflection” in right Inindlo branch Idock,’" as illustrated by the CT 
and KS metlmds, 

1. Both Tuethods caii bo used to demonstrate lliat, along a line from 
the I'ight side of the precordium to the right shoulder and a similar 
line from .iust outside tlie left l)orcler of the heart to the left shoulder, 
decrement in potential variations oecui-s as distance from the heart in- 
erease.s, and that thei'e is a tendency toward preservation of a pattern 
recorded near the heart. The superiority of the BS method over the 
CT method in preserving the pattern at positions along both lines is 
illustrated in Figs. 3 and 4. If one is to assume that the CT method is 
the more accurate of the two, one must also assume that the better 
preservation of the pattern by tlie RS method is a remarkable coin- 
cidence resulting- from the intei-fercnce of potential variations derived 
from tlie electrode placed over the spine of tlie rigid scapula. It would 
probably he conceded that no great error is involved in regarding the 
pattern of ])olential variations transmitted to the latter electrode as 
similar for each lieart beat. If so, we believe there would he consider- 
able difficulty from the mathematical viewpoint in defending tlie as- 
sumption that the preservation of the pattern with decrement results 
from interference arising from the electrode placed over tlie spine of 
the right scapula. Thus, it seems safe to conclude that decrement with 
preservation of pattern must reflect potential variation of the explor- 
ing electrode. On the other hand, there are no difficulties encountered 
in the assumption that tlie inferiority of tlie CT method for tlie dem- 
onstration of preservation of patterns witli decrement results from a 
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eonslaut error caused hy the reeiiiTenee of potential variations in the 
central teniiiiial On the basis of this assumption, the smaller the po- 
tential variations of the exploring electrode become, the greater the dis- 
tortion of the pattern, which is in agreement with the experimental data. 

2. In Figs. 3 and 4 the comparison between the patterns of differenee.s 
of potentiah reeorded by pairing electrodes across the attnehments of 



Fip. 4 . — The tracings in the A and B scries -svere obtained from a patient with 
right bundle bnineb block. In A-J, the exploring electrode was placed on the Ci chest 
position and paired with tlic central terminal, CT, and with an electrode on the spine 
of the right .scgipule, ItS. In A-2, the exploring electrode was moved to a position 
gpproximateiy midway between the Ci chest position and the attachment of the right 
arm. and, in A -.3, it wa.s placed on the right arm. In A-.}, the exploring electrode 
v.*as placed on the right anterior .axillary fold and paired with an electrode on the 
tip of tlie right acromial process. Note that there i.s a large "unexplained” deflection 
"'eS-' early in the QRS complex of the CT leads and a small "unexplained” deflection 
in.RS leads, neither of whicli is subject to decrement .'is the exploring electrode is 
moved farther from tlie heart, and that this deflection is insignificant in the lead 
made by pairing electrodes across the attachments of the right arm. 

In tlie B series, the CT leads were made as in the A .series. The upper lead of 
each group w.as obtained by pairing an exploring electrode on tlie spine of the right 
scapula with the central terminal. The “unexplained” deflection represents the chief 
difference of potential between the central terminal and the spine of the right scapula, 
although the T-wave potential of the latter position is relatively slightly negative to 
that of the central terminal. Tlie tracings in the G and D series were obtained from 
a. patient with right bundle branch block and ventricular extrasystoles. In G-1, the 
exploring electrode was placed on the Cj chest position, and paired with the central 
terminal. CT, and with an electrode over the spine of the right scapula, RS. In (7-9. 
the exploring electrode was moved 1% inches in the direction of the attachment of 
the right arm, in 0-3, ly. inches further in the same direction, and, in C-.’i, to the 
right arm. In C-5, the exploring electrode was placed on the i-ight anterior axillary 
fold and paired with an electrode placed over the tip of the right acromial process. 

In D-1, the exploring electrode was placed on the Cs chest position, and paired 
with the central terminal, CT, and with an electrode over the spine of the right 
scapula, RS. In D-2, the exploring electrode was placed midway between the Cs chest 
position and the attachment of the left arm, and, in D-3, on the left arm. In D-i, the 
exploring electrode was placed on the left leg and paired with an electrode placed 
over the spine of the right scapula. In this case, the potential variations of the 
right arm, left arm, and left leg, as recorded hy the RS method, are such that the 
mean potential variation of the three would be small. This probably accounts for 
, the relatively good correspondence obtained by the two methods in the case of supra- 
ventricular beats. 
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one of the upper extremitie.s (anterior axillary fold and tip of acromial 
process) and X)atterns of potential variations of the corres])onding area 
recorded by the RS and CT methods is illustrated. These are repre- 
sentative of results in a large series of cases (not reported here). Al- 
most invariably there is good corrc.spondence with the RS method for 
both extremities. In some cases there is fairly good correspondence 
vdtb the CT method on the left side, but there is little resemblance 
between the two types of tracing on the right side. If it is assumed 
that the CT method is truly unipolar, the better correspondence between 
the “pai-tial electrocardiograms” made with electrodes paired across 
the attachments of the arms, and the R8 method for recording the po- 
tential variations of the arms mu.st be assumed to be due to error in 
the method, resulting from the fact that potential variations trans- 
mitted from the spine of the scapula cause this better correspondence. 
Conceivably, this might apply on the right side because the difference 
in potential between the surfaces over the tip of the right acromion and 
the spine of the right .scapula is slight. This e.xplanation, however, 
would not apply to the better eorre.spondenee observed on the left side. 
A more probable e.xplanation for the.se discrepancies would seem to be 
that the potential variations of the central terminal are greater than 
those of an electrode placed over the .spine of the right scapula. 

3, Anab'sis of the behavior of the "unexplained” deflection dc- 
seinbed by Wilson as being recorded over the right side of the pre- 
eordium in right bundle branch block by his CT method offens, we be- 
lie%'e, the most instructive comparison of the CT and RS methods. We 
have pointed out that this deflection, recorded, according to Wilson, 
from the right .side of the precordium both in dogs and man in right 
bundle branch block, but not from the surface of the right ventricle in 
dogs, might therefore be derived from the centJ’al teiTninal. The fact 
that the unexplained deflection is either not recoi’dcd at all or is of rela- 
tively small magnitude when the potential variations of the right .side 
of the precordium are i-ecorded by the RS method does not tend to le.s- 
.sen that suspicion. The further facts that all of the deflections recorded 
by the RS method are subject to decrement as the electj’ode is moved 
toward the right .shoulder, and that all of those recorded by the CT 
method except the unexplained deflection are also subject to decrement 
can be accounted for in only one of two ways. H the unexplained 
deflection is derived from the central terminal, one would expect no 
decrement as the electi'ode is moved farther away from the heart hc- 
eau.se the potential variations of the central terminal would not vary 
materially. If, on the other hand, it is Iran.smitled by the e.xtdoring 
electrode and is not subject to decrement as the distanee from the heart 
increases, it does not behave in accordance witJi the disti'ibution of 
potential to be expected in a fluid-volume conductor. If. therefore, we 
accept the Einlhoven equilateral triangle hypofliesis, we are forced to 
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the coiitKidietory coiiclns'ion.s that Ihe ‘‘wiexplained'’ dcflodion (1) 
cainiot be derived i’i'oin Hie eentral tcrnnnal.-'' aad, (2) because of its 
lack of decremeut at posilious far from the hearf., cannot ]}e dei-ivcd 
from tbe explm-ino- electrode.” To avoid sucli an absui'dity, ^vo must 
discard the ‘Rinthoven by]H)thesis. and, with it, the sole rea.son for bc- 
lieviuET tliat tlie central terminal procedure ever records unipolar leads 
except by chance. That it actually does occasionally achieve tliis re- 
sult with .substa])lial aecm-acy in certain ea.se.s of I'iiilit: bundle In-ancli 
block, in which the unex]daiued” deflection is not recorded, wo be- 
lieve we have shown in hhu'. 4, serie.s C. Here, decrement witli preserva- 
tion 01 pattern ns the distance of (he explorinii' electrode from the heart 
increases is .simwii as well by the CT as iiy the IvS method, in .so far as 
heals of supraventricular oriiiin are coneonied. Tlie CT method, how- 
ever, is far inferior in dcmonstratinii- preservation of the pattern of the 
vcntrieuhir exti’asysioles wltich inlenaipl the no)-maI rhythm. It would 
aji})ear, tliei-efore, llml tlie above* is jnirely a chnuec result, and doe.s not 
even apidy to two different jiathways of excitation in tlie same case. 


If. as the evidence a])})cars to indicate, tlie unexplained deflection is 
derived throuiih the central terminal, the further question arises as to 
its source. We hav(> made no special effort to solve this ])rohlem, hut the 
followinir facts liavc emerued as by-products of our studies. Tin's de- 
flection does not ;ip})ear in CK, lends in ripht hnndlc branch block. A 
.somewhat similar, hut .saiall. deflection may appear in CF, leads, but the 
lime relations of lliis deflection may he sliiilitly different from those of 
the unex]flained deflection. The CL, lead usually .shows an unexplained 
deflection with identical time relations and with a ma^nilude more 
than twice as inrfre as that of (he eentral terminal lead with the ex- 
ploring electrode on the same )>o.si1ion. Wlien exlonsivo infarction of 
the left, ventricle lias oeenri-ed, so that the prcinlrinsic-intrinsie-like 
pair of deflections disa])pears from leads made with an exploring elec- 
trode placed over the left border of the lu'ccordium, the CL, lead may 
fail to show an uiiex])lained deflection. Unde?- tho.so eircumstcUiees the 
central terminal procedure fails to record an unexplained deflection (as 
in Fig. 4. C series) or, at most, records a very tiny one. Tliesc data 
suggest, but do not ]n'Ove, tiiat the unexplained deflection is a left ven- 
tricular ])lien()menon wliich exerts an effect on the potential variations 
of the central terminal, mainly via the left arm electrode. 


If we are justified in coneliiding that the unexplained deflection re- 
corded ovei- the right side of the preeordinm in right bundle branch 
block is a left ventricular ])lienomenon exerling its effect on loads made 
by the CT method via the central terminal, it would follow, because 
potential variations derived from the left ventricle are not usually 
greatly changed in right bundle brancli l}lock, that a similar error 
probably exists in normal cases. In our opinion, therefore, Wilson’s' 
statement to the effect that the potential of the right arm is negative 
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throughout most of the QRS interval may he based in part on failure 
to take into account the possibility that a potential variation similar 
in magnitude to that which produces the unex])lained deflection is con- 
tributed by the central terminal. 

Electrocardiography has always suffered from the handicap that its 
results represent differences between two unknown valuables. There 
is reason to believe that this handicap is not so serious in the case of 
chest leads as in the case of limb leads because of the i-elatively greater 
magnitude of potential variations at chest wall positions. Nevertheless, 
the po.ssibility of error, even in che.st leads, in ascribing the source of 
potential variation to one electrode, when, in fact, it is attributable to 
the other, has been demonstrated in this paper. The struggle toward 
the objective of an approximately accurate unipolar lead is far from 
o%mr, and perhaps it has ju.st begun. If the method of balanced po- 
tentials and its simplex*, although slightly less accurate, substitute of 
pairing the exploi'ing electrode with one over the spine of the right 
scapula, marks any progress toward that objective, it can only be so be- 
cause the assumptions -which underlie those ])rocedures arc valid. It 
is at this point that the mo.st searching examinations of this pincedure, 
as well as procedures that are called unipolar leads, must be made. 

suiDiAnr 

1. The rea.son given by Eekej* and Frohlieh for .stating that unipolar 
electrocardiograms can be obtained b.y their procedure of immei'sing the 
body in distilled water and surroiuiding it by a co])per network which 
is also in the water bath, with one electrode on a body area paired with 
an electrode attached to the netwoi’k, has been subjected to experimental 
test. Evidence is furni.shed that this i-eason is not valid. There is, 
consequently, no ground for believing that unipolar eleetroeardiogi'ams 
can be obtained by such a method. 

2. The central terminal procedure of Wilson for making unipolai* 
leads has been subjected to study. 

A. The good agreement Avhieh is said to exi.st between Wilson's 
central terminal ])i‘oeednre and Eckey and Frohlieh 's immersion 
ixroeedin-e, a point made by Wilson ixi support of his method, does 
not demon.strate the validity of the central teiminal procediu'c 
because the pi’ineiple underlying the immersion procedure is un- 
souxid. 

B. The vai-ious assumptions which have to be made if the c(‘ntral 
terminal procedure is to be regarded as valid as a method for mak- 
ing imii)olar leads were compared with the a.ssumjflions which 
have to be made to eMablish the method of balanced potentials 
(or its .simpler but slightly less accurate substitute of pairing 
the exploring electrode with one placed over the spine of the right 
scapula) as a jn’oeedure for (1) making unipolar leads, or (2) re- 
ducing intexTerence with the potential variations of the exploring 
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teiitial on the sui-raee of the body cannot be aeconiited for on the 
basis- of the assumptions wliich must underlie the central terminal 
prot'odure. No such difficulties were encountered regarding the 
h'ss elaborate assumptions underlying the oilier ]iroeedures. 

i'. Cerfaiu comparisons oi rcsnlls obtained by the central termi- 
nal method and liy pairing (he exploring electrode willi one placed 
over the spine, of the right, scapula liavc been made.' (1) Tlie lat- 
ter procedure .sIhavs the phenomenon of decrement noth pi'eserva- 
tion of pattern as the exploring eleetrode is moved away fi-om tlie 
heart along <-ert:iin lines far hotter than does the central terminal 
method; (2) the eorrespondence of patterns of difference of po- 
tential recorded by pairing electrodes across the attachments of 
the right and left arms with the patterns obtained by ]ilacing one 
electrode on tlio ai-m of tlie same side and tlie other on the spine 
iif the right seajiula i.‘^ fai- closer than the “unipolar’’ jiatlcrns of 
arm |iotential obtained by the central terminal method, and (3) 
a negatively directed deflection recorded early in the QRS complex 
by the central terminal jirocodnre at the fh position in most eases 
of right bundle branch bku-k is recorded as a very small deflection, 
or not at all by the US jiroccdure. This deflection, unlike othei- 
jiarts of the eoiujilex. is not subject to decrement as the explor- 
ing el(R‘lro(]e is moved away from the heart. All the evidence in- 
dicates tliat it is derived from the central terminal. Moreover, if 
the. assumptions which must underlie the central terminal pro- 
cedure arc valid, it is imjio.ssihle to account for the derivation of 
.such a deflection from cither the central terminal or the exploring 
ele<drode. 


3. The evidence ])resentcd indicates that, by ]iairmg an ex]iloring 
electrode with one jflaced over the spine of the right scapula, less inter- 
ference with the potential variations of the exploring eleetrode occurs 
than iu the case of methods which have been called unipolar. The hear- 
ing of this conclusion, if it he valid, on methods used in clinical elcctro- 
cardiogra])hy is obvious. 


AVe wislv <0 tlmiilv Drs. X H. Austin, Director of the William Pepper Clinical 
Lahoratorv University of Pennsylvania, and L. I. Scliilf, Assistant Professor of 
Physics ITniversity of Pemisjdvauia, for valuable criticism and advice, and 
Dr! Pninldin D. hfurphy, Instructor in Medicine, for assistance in. some of the ex- 
periments. 

REFERENCES 

1. "Wolferth, C, C., and Wood, P, C.: The Electrocardiogi-aphic Diagnosis of 

Coronary Occlu.sion by the Use of Chest Leads, Am. .T. M. Sc. 183; 30, 
10.32. 

2, Wilson* P. ISU, MacLeod, A. G., and Barker, P. S.: The Order of Ventiieular 

Excitation in Human Bundle Branch Block, Am. Heart J. 7; 305, 1932. 
-3. Wilson, P. N., MacLeod, A. G., and Barker, P. S.: Electrocardiograms Thjit 
Represent the Potential Variations of a Single Electrode, Am. Heart J. 9; 
447, 1934. 



782 


A.MKUICAN MUAKT -lOlUJXAl. 


4. ilolz, B.: Eiiie Methode tier unipolaren AWeituiig flef< Elektrokardioirrainiu", 

Ztsehr. f, IvreisIaufforKah. 29: -301, 39.37, 

.X Ecliey, P., and Frohlick; E.: Zur Frage der miipolaran Abloitung de.s Elcktro- 
kardiogramms, Arcli. f, KreLslaufTorech, 11; .349, 3938, 

6. Burger. K,: L'ebcr das elektri.sc3te Feld de.s Hcrzeii.s, Cardiologia 3: .30 

39.39. 

7. IVil.san, N., JoluiHtori, F. TX, IJo.ceiibaum, F. J’., Eriariger, H,, Ko.'^smaiii), 

C. E., Beclit, H., Cotriiri, K., de Oliveira, E, ;M., Scar.d, 31., and Barker, 
, , P. S.: 'i’he Preeordial lEectrocardiograin, A:.r. Hkakt ,T. 27: 39, 3944, 

5. IVolfertli, C. C., Eivezey, Id. if., and IVood, F. C.: Htudies on the Bi.s- 

tribution of Potential Concerned in the Formation of Electroeardio- 
gramSj Am. J. if. 8e. 203: C43, 3942. 

9. Wolferlk, C. C., Livezey, if., and Wood, JC C,; Bi.«tribution of the Pat- 
terns of Ventricular Potential wnneli Betennine the Forms and .‘Signifi- 
cance of Electrocardiogram.*:, Am. J. if. Be. 205; 4G9, 3943, 

30. Wilson, F. X., .Tolmsfon, F. D., Hill, L G, W., iIacI>eod, A, G,, and Barker, 
P. S.; The .Significance of Electroeardiograrns Characterized by au 
Abnormallv Long QES Interval and bv Broad B. Deflections in Lead 1. 
Am, He.\kt .1. 9: 4.39, 3933-3934. 

13. Wilson, F. X., MacLeod, A. G,, and Barker, P. S.; The Distribution of the 
Action Cnrrent.s Produced by Heart Muscle and Other Excitable 'i'i.ssues 
Immersed in Extensive Conducting Media, .1. Gen. Phv.“iol. 16: 42,3, 3933. 
32, Helm, .1. D., .Jr., Helm, G. H., and Wolferth, C. C.; the Di.stribution of 
Potential of Ventricular Origin Below the Diaphragm and in the Esopha- 
gu.s, Am. Heai'.t j. 27: 7.3.3, 1944. 

3.3, Ey.ster, .1. A, E,, -Maresh, F,, and Krasno, M. E.: The Xature of the Electrical 

Field Around the Heart, Am. ,L Physiol. 106: 574, 393.3. 

34. Katz, L. X.: Concerning a Xcw Conwpt of fhe Genesis of the Electro- 
cardiogram. Am. He.\j:t .1. 13: 17, 3937. 

3.3. Kaufman, W„ and .Johnston, F. D.: The Electrical Conductivity of the 

Tis.sues Xear the Heart and Its Bearing on the Distribution of the Cardiac 
Action Currents, .-Im. TLeakt .1, 26: 42, 3943. 

16. Groedel, F. Iff,: Das Extremitaten-, Thorax- und Partial-EIektroktirdiogramm 
de.s Men.sehen, Eine vergleichende Btudie, Dresden and Leipzig, 3934, 
Theodor BteinkopfT. 




THE I'iEFEGTS OF AKTEKHOR INFARCTION COiMPLICATED 
BY BUNDLE BRANCH BLOCK UPON THE F0R1\1; 

01^^ THE QRvS COI^IPLEX OF THE CANINE 
ELECTROCAROTOGRAl\r 


Fkakcis F, Ro.skn'hauMj ]\l.D., Hkrmax Erlangkr, M.D., Nelson 
C oTRiAL i^r.D., Fkankfjn D. Johnston, M.D., 

AND Frank N. Wii..son. 1\LD. 

Ann Ardor, l\Ticn. 


I N IMAN the eharRclorisHc eliaiiites in the form of the voiilrieiilar com- 
]}lex usually ju'odueed })y uiyocardial infarction are often greatly 
nuKlifiecl or absent when one of the. two main subdivisions of the His 
Imndle is blocked. When the conduction defect is on the .left side it 


is rarely po.s.sib!c to diagno.se infarction with certainty by means of 
either limb leads or ))rccordinl leads. Block on the right side usually 
prevents the oceurreuce of charaeteristic signs of antei’ior infarction in 
the .standard limb leads, but not. in the })recordial leads. Such data as 
arc available suggest that, as a rule, it. does not seriously ob.scurc the 


diganostic signs of posterior infarction, which ordinaialy appear in 


Leads II and HI. 


Beennse llie number of cases in which both bundle braneb block and 


infarction wore known to Ite present is relatively small, it seemed ex- 
pedient to undertake an experimental study of the eleetroeardiograpbie 
changes ])rodnccd by this combination of lesions. The methods em- 
ployed in our ex])eriments were those used in the elect rocardiographie 
.studie.s of infarction carried out by Wilson, Hill, and Johnston,’ 

Dogs of large or medium size were used. The heart was exposed, the 
right or left branch of the His l)undle was cut in the usual way, and in 
most of the experiments the antei’ioi* descending coronary artery was 
ligated in its mid-]-)ortion. The chest was then carefully restored. These 
surgical procedures were carried out under aseptic conditions. After 
a period of seven to forty days, when the animal had recovered com- 
pletely from the operation, tlie electrocardiographic observations were 
made. The standard limb leads and unipolar precordial leads were 
taken with the chest intact. Then the thorax Avas opened by .splitting 
the steiaram, and the anterior surface of the heart Avas explored by 
means of unipolar direct leads. 

The .standard limb leads of nine dogs are reproduced in Fig. 1. In- the 
first three animals (5T, 58, and 61) the right branch of the His bundle 
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was cut, but there Avas uo gross infaretioii, eillier Ijceause Ihe a)iterior 
descending coronary artery was not ligated or because the attempt to oc- 
clude it was unsuccessful. The elcelroeai-diogi'ams of these animals arc 
of the kind ordinarily seen in canine riglit branch block. Below these 
eurvfts are three sets from animals (59, 62, and 66 ) witJi both right 
branch block and anterior infarction. It will be noted that no changes 
chaTacteri.stic of infarction appeared in the ventricular complexes "of 
the limb leads. In dogs with nonnal intraventricular conduction, in- 
farcts similar in size and location to tho.se induced in these experinients 
usually give rise to large Q defieetions in Lead I. 



^'"—Standard Jim?} lerulH witli simullanc-oui? I, rovz—tbree doj?s 

y^tih right hundUj brancJi blocks ^Ifddlo row — throe dogn with both right hriinch block 
i J>ower row— D oa" Oi hari left bundle branch block: VogK f>S 

anu lO left branch Idock and anterior infarction. 


The hist .set of cui’ves of the la.sl row (Fig. 1) are from an animal 
(64) with left hraneh block only, and the second and thii-d sets are from 
animals (68 and 70 ) with both left branch block and anterior infarc- 
tion. Here also the limb leads display* no changes in the %'entrienlar 
complex that suggest the presence of infarcted cardiac muscle. 
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Tlie proeordial eiirves 'were obtained by moving- tlic exploring elec- 
trode across the preeordinm in the same vay Jis when taking eom]Kirable 
human curves. The exploration was begun at. a point to the right of 
the right, margin of the sternum, and was extended to a point well to the 
left of the apex beat. Tlic electrode consisted of a stiff copjier wire, in- 
sulated by enamel except at. the ends. One end was .shai-jwned and was 
lu’ought into contact with the subcutaneous tissues by making a .small 
.slit in tile skin. The enamel was removed from the opposite end for a 



short distance so that the electrode could be connected to the appropri- 
ate lead wire. The precordial points explored were arranged along a 
broken line running across the precordium from riglit to left, and were 
approximately 2 cm. apart. The exploring electrode used in taking 
both the precordial and the direct leads was paired with a central 
terminal connected through resistances of 5,000 ohms to electrodes on 
the two forelegs and on the right hind leg. Leads taken in this way 
are referred to as “unipolar leads.” 
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The unipolar precordial curves obtained in uncomplieal ed canine 
bundle brancli block are strikingly similar to those that represent Jiii- 
man bundle branch block, apart from the length of the QRS interval 
which is considerably shorter in the dog than in man. In left branch 
block there are no other easily detectable differences. In leads frojn 
the right side of the preeordium the QRS complex consists of a small 
initial R component, followed by a deep, broad S deflection. In leads 
from the left side of the preeordium it is monophasic, and is represented 
by a broad-topped, slurred, notched, or bifid R wave (Fig. 2, Dog 64). 



3. — Unipolar precordial leads from three dog’s with right bundle branch block. 


In right bundle branch block the leads from the right side of the 
preeordium display a large R or R' deflection which reaches its apex 
late in the QRS interval. In .some in-stances this deflection is preceded 
by an initial downward movement, or Q wave (Fig. 3, Dogs 57 and 58), 
in which case its a.seending limb is usually shirred or notched. In 
other imstances (Fig. 3, Dog 61) it is preceded by a small initial R 
component, followed hi' a eon.spieuous dip, and notching of its npsti-oke 
is absent or less conspicuous. As the exploiing electrode is shifted to 
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the left this iniliol K rapidly increases in lioight and is transformed 
into a slender, tall, upward deflection wliicli reaches its apex early in 
the QT?S interval. At the same time, tlie dowmvard movement which 
follows it increases in de]>th, and the late secondary E/ component 
rapidly diminishes in size until it is represented by a notch on a dee}), 
broad S wave. Precordial eleclrocardiograin.s of this second tyi)e are 
very much more common in human right branch bloclv than tliose of the 
first type. In leads from the left .side of the ])rccordinm tlie QRS com- 
plex always has essentially the same form, and consists of a narroAv R 
deflection, sometimes preceded by a .small Q, and a broad, shirred, or 
notclied S Avave. The voltage of the .slender R is nsnally smaller in com- 
pari.s’on Avith that of the broad S in the cinwcs of the dog than in tlio.se 
of man. 

^Yhcn right branch block is complicated by anterior infarction (Fig. 
4), loads from the right side of the ])recordinm display a tall, late R 
Avave, preceded by a deep Q deflection. As the exploring electrode is 
shifted to the left the R Avave rapidly diminishes in size, and disappears 
or is submerged bcloAV the isoelectric Ica'cI. In leads from the left side 
of the prccordinm the early, slender R Avave AAdiich is pi-escnt AA'hen thei'e 
is no infarction is absent, siilmierged, or greatly I’odiiced in height. In 
oilier Avords, the characleristie changes in the QRS conpilex consi.st in 
the deAhlopment of large Q or QS deflections in leads from points over- 
lying the infarct, and large Q waA'cs, folloAved by late R Avavos, in leads 
from, the right side of the precordiiim. In one of oiir experiments 
(Dog 66) the QRS complex of the lead taken farthest to the right 
(Pirj, Fig. 4) shoAved no changes suggesting infarction. AVlien left 
bundle branch block is present, anterior infarction giA’es rise to no 
characteristic modification of the QRS complex in precordial leads (Fig. 
2, Dogs 68 and 70). 

Intelligent interpretation of the ventricnlar complexes of unipolai- 
prccordial leads must be liased upon the relations betAveeii tlio com- 
ponents of these complexes and the corre.sponding deflections of uni- 
polar leads from the anterior surface of the exposed heart. In the an- 
imals Avith bundle branch block but no -infarction, there Avas a very 
clo.se resemblance belAveen the Amntrienlar complexes of the leads from 
the risht side of the precordiiim and the Amntrieular complexes of the 
leads from the exposed surface of the right Axmtricle, and likcAvise be- 
tAveen the complexes of the leads from tlie left side of the precordiiim 
and those of the leads from the exposed surface of the left ventricle. 
Curves depicting these relations in right branch block Avitlioiit infarc- 
tion (Dog 58) and in left branch block Avithont infarction (Dog 64) 
liaAm recently been published in a general article on the precordial 
electrocardiogram." We shall, therefore, confine the present discussion 
to experiments m Avliicli bundle branch block Avas complicated by in- 
farction. In order to conseiwe space and to aAmid needless repetition, 
comments and discussion necessaiy to the understanding and interpreta- 
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lion of the observations made in the experiments described here in de- 
tail have not been relegated to a separate section, Imt are intempersed 
with the presentation of the relevant data. 



Fie. 4 . — Unipolar precordial leads from four dogs ivith right bundle branch block 

and anterior myocsirdial infarction. 


Dog 66 . — Tjie locations of the points on the epiicardial surface e.x- 
plored in this experiment are .shomi on tlic outline drawing of the heart 
reproduced in Fig. y. The points indicated by number,s not followed by a 
letter were studied with a soft-tipped electrode consisting of a small 
glass tube connected to a .short length of soft rubber tubing cut on a 
bias at its lower end. The gla.ss tube wris stoppered with salted kaolin, 
and filled with 10 per cent copper chloride solution in wiiicli a long coil 
of copper wire wns immersed. The .short rubber extension was packed 
with cotton wool .saturated with i.sotonic saline. ^Vlien this electrode 
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was pressed lightly against, the epicardiuin, no injury or only minimal 
injury to tlie nndciiying nuisele re.siiUed. The ])oints marked by nnm- 
])ers followed by the letter .s wore explored with tlic sliarp electrode used 
in taking precordial leads. This electrode was emidoyed to distinguish 
dead from living muscle. AYhen it was brought into contact Avitli the 
former there were no injury effects in the curve obtained, but the latter 
yielded j^rominent KS-T dis]dacement or completely monophasic ven- 
tricular complexes. The ])oints designated by numbers followed by the 
letter c are those at whicli the .sliarp electrode was* thrust through the 
ventricular wall in ordci* to record the potential variations of tlie ven- 
tricular cavity. The fir.st. of the prceordial enrves reproduced (Pjo of 
Pig. 6) was obtained from a point approximately 4.5 cm. to the right of 
the midsternal lino. The ventricnlnr complexes which it displays are 



strikingly similar in outline to those of: tlie direct, leads irom points 
8, 12, , 13, 14, and 15, whicli were all on the right ventricle. Since the 
deflections of all these leads are similar, only one, that from point 14, 
is reproduced (Pig. 6). In these tracings the first QRS component is 
a small E wave, followed hy a dip which readies or barely crosses the 
isoelectric level. The second component is a tall E' deflection which 
reaches its apex late in the QES interval and displays a shoulder on 
its ascending limb. In right bundle branch block the muscle of the 
free wall of the right ventricle is not activated until late in the QES 
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interval. During the earlier phase.s of tiiis interval it contains no 
boundary between active and resting mu.sele and produces no electro- 
motive foree.s. So long as this is tlie ease, the potential of its outer 
surface is practically identical with that of the neighboring jiart of Ihe 
ventricular cavity. It is not surprising, therefore, that in the tracings 
obtained from the ventricular cavity by thrusting a sharp elect rode 
through the wall of the right ventricle at points 2Sc and 21c (Fig. 6), 
the earliest phase.s of the QRB com])lex are similar to the corre.sponding 
phases of the QRS complexes of the epicardial leads. The small, early 
R wave of these leads is faithfully reproduced in the internal leads. 
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Pitr. 0.— Dog CO. Richt bundle branch block and anterior infarction. 

—unipolar precordial leads. Middle row— epicardial leadH obtelned with sou upi c 
eIectro:I<*. I^ower row — epicardial and cavity leads obtained w'Uh sharp ei-^i 

The second R peak of the latter, Avhich represents the maximum ]) 0 .s- 
itivity attained by the ventricular ca\'ity, evidently eorre.s'ponds to the 
shoulder or thickening of the a.seending hrnb of the late R^ deflection 
of the external leads. During the latter part of the QRS interval the 
epicardial .surface is positive and the ventricular cavity negative, in- 
dicating that there is then a large electromotive force in the right 
ventricular wall. This force is responsible lor that part of the late 
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R' ^vave ol‘ the epieardial leads which rollows the shoulder on its as- 
cending limb. 

It will be noted that the ventrienlar eom]>lexcs of tlie lead from point 
in wliich thei'c is almost eomplclc firsion of QRS and T due to the 
injury to the sniiepicardial innsclc induced by the sharp electrode, do 
not differ, as regards tho.se QRS conpionents whicli ]n‘ecede the peak of 
the late R'' detleetion, from the eoni])lcxes obtained when a- soft elec- 
trode. was used. It has been pointed out in a pi'cvions ])ubIication” 
that injuiy to the siil>e])icardial mirscle can liave no effect upon the form 
of the vcutrieular complex up to the in.stant at which the excitatory 
process arrives at. the injured region. Since the snbei)icardial muscle 
of the right vent rich' is- not acti-raled in right bundle branch block until 
the peak of R'’ is inscrilicd, injury to this imiscle. has no effect on the 
earlier pha.ses of the QRS complex. 

Tlie ventrienlar complexe.s of the dii-oct leads from points .9 and 10 
(Fig. 6) di-s]>lay a slender R or R' dcflcelion which reaches its apex 
late in the QRS interval and is preceded by a eonspicnons downward 
movement. Tlie RS-T segment is {'onvex upward and tlic end of the T 
wave sharjily inverted. The QRS eonpdexes of the load from point .9 
begin with a small initial R. which is missing in the lead from point 10. 
Both of these ])oints were close to the interventricular snlciis, bnt their 
exact relation to the anterior attachment of the .septum is not known. 
It is often difticnlt to intor])rct the deflections of leads of this kind be- 
cau.se of iincoi-tainty as to whether the recorded potential variations of 
the epieardial sni-l'ace wore more clo.sc3y related to those of the right or 
to tho.se of the left ventricular cavity. In the case of the lead from 
]>oint 10, it ap])ears jirohable that the early ])]inses of the QRS complex 
were determined by the ])olential variations of the cavity of the left 
ventricle; jn the case of the lead from point .9, the corro.sponding phases 
of QRS are apparently due in part to the potential variations of the 
cuvity of the right ventricle. The ventricular complexes of thc.se leads 
display many of the features often seen in lead.s from tlie marginal parts 
of an infarct which involves the left ventricular wall and is more ex- 
tensive on its endocardial than on its c])icai‘dial side. 

Unipolar epieardial leads from transraiiral infarcts that contain no 
appreciable amount of muscle capable of responding to the excitatory 
process yield ventricular complexes almost identical with those of leads 
from the adjacent ]iart of the ventricular cavity. It will be noted that 
the ventrienlar complexes of the lead from point 11 are similar to those 
of lead 22o. wliich represent the potential variations of the cavity of 
the left ventricle, and that the ventricular complexes of lead 17s, in 
which a sharp exploring electrode was employed, are of the same kind. 
Since the last shows no RS-T displacement, it is evident that the muscle 
in the. neighborhood of points 11 and 17s was dead, or at lea.st not re- 
sponding to the cardiac impulse. The leads from points 6 and 7 and 
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the lead from point 21s gave complexes practically identical in outline 
with those of the leads from points 11 and 17s. 

. Unipolar epieardial leads from parts of left ventricular infarcts that 
contain appreciable amounts of muscle which resi)onds to the cardiac 
impulse and lies in the outer layers of the ventricular wall yield QKS 
complexes characterized by large QS dotleetions notched by submerged R 
wmves, or by abnormally lai-ge Q components followed by R waves of 
subnormal voltage. Infarction of the outer layers of muscle without 
involvement of the inner layers .should theoretically reduce tlie size of 
the R component without ])rodueing abnormal Q waves, but this appeal’s 
to be rare or nonexistent. ^ In the jiresent instance, notched QS deflec- 
tions occurred in the lead from point o. The leads from points lO.s and 
20s show defi^nite RS-T displacement, indicating the presence of living 
miLScle. In the fonner the small R component is preceded by a broad 
Q deflection, which suggests that the subendocardial muscle was in- 
volved. Points S, 16s, and 20s evidently lie near the left margin of the 
infarct. The ventricular complexes of prceordial leads Pj, Pj, and 
were e^^dently dominated b}’’ the potential variations of the infarcted 
region j they show many of the features of the ventricular complexes of 
the direct leads from points 5 and 11. 



JTie. L — Dos'. 71. Outline Jrawinjj oC anterior .surface of expoBcJ lieart. Symbols 

as In Fis. 0. 

The direct leads from points 1, 2 (nee Fig. 6), and -i, which were 
still farther to the left and in a zone supplied by a branch of the an- 
terior descending artery which came off above the ligature, pre.sent 
ventricular complexes of the normal form. The lead from point 10s 
shows conspicuous RS-T displacement, indicating that the muscle in 
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this zone wus respoiidiiig*. All of tliesc points evidently lie to tlie left 
of the infarct ed region. The ventricular complexes of preeordial lead 
I\ apparently represent a mixlni-e of tlie potential variations at the 
surface of the infarct and tliose at the surface of the nninyolved v'all 
to the left of it. 



g, — 71. Right bundle branch block and anterior infarction. First row — 
unipolar precordial leads. Second row — epics i-dial leads obtained with soft-tipped 
electrode Third row — epicardial leads obtained with shai-p electrode. Fourth row — 
leads from ventricular cavities and trans?nural leads (marked JSJ3). 


Dog 71 , — The locations of the epicardial points explored in this ex- 
periment are indicated in Fig. 7, and characteristic examples of the 
cnrve.s obtained are reproduced in Fig. 8. The ventricular complexes 
of the leads from points 11, 13, 17, and 18 are similar in every respect 
to those of the lead from point 15 (Fig. 8). All of these points were 
on the free wall of the right ventricle. In the leads from points 12, 14, 
and 16, the QE.S complex consists of a prominent Q wave,, followed by 
a late It deflection wliicli is A’^ery small in the lead from the last of these 
points; the T Avave is sharply hiA’-erted. Points 14 and 16 yveve close 
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to the interventricular sulcus, and it is possible that point 12 was much 
less distant from it than is indicated in Pig. 7. Tlie curves obtained 
witli the sharp electrode at points 22h, 23s, and 24s show pronounced 
RS'T displacement; in the first the earliest phases of the QRS complex 
are like those of the lead from point 14, and in the others they are like 
those of the lead from point 15 and like those of the lead from the cavity 
of the right ventricle at point 25c. It will be observed that the poten- 
tial variations of the different parts of the epicardial surface and of the 
cavity of the right ventricle in this experiment, were strikingly similar 
t o those recorded in the ease of Bog 66. 

In the leads from points 3, 4, 5, 6, 7, 8, and 1.0, the ventricular com- 
plexes consist of large, unnotched QS deflections, followed by positive 
T waves, and do not differ from those of the leads from the left ven- 
tricular cavity at points 27c and 28c, or from those of the leads from 
points 19s and 20s. The absence of RS-T displacement in the.se last two 
leads indicates that the muscle in contact with the sharp cleetrode was 
not responding to the cardiac impulse. The leads from points 1 and 
2 present notched QS deflections, and the lead from point 21s shows 
consjficuous RS-T displacement. Th.ese points wore evidently close to 
the left margin of the infarct. In the lead from point 9, the ventricular 
complexes are of the noianal form. In this experiment tran.smural leads 
were taken in order to measure the variations in the voltage aei-oss the 
ventricular walls during the QRS interval. In these leads a sharp 
electrode thrust through the wall into the ventricular cavity ivas paired 
with a soft electrode on the epicardial surface. The galvanometer con- 
nections were made in such a way that relative positivity of the epi- 
cardial electrode produced an upward deflection in the fini.shcd record. 
In the lead marked 25 EE, the soft electrode was on the free icall of 
the right ventricle at point 30, and the sharp electrode was in the light 
ventricular cavity near point 25c. The QRS complexes of this lead be- 
gin with a broad, .shallow Q deflection, indicating slight relative neg- 
ativity of the external .snirface. Late in the QRS interval there is a 
tall, sharp R deflection due to activation of the muscle between tlie two 
electrodes wdiich made the epicardial suiface .strongly po.sitive with 
respect to the ventricular cavity. The RS-T di.splacement is upwaird, 
and probably represents injury due to the pressure exerted by the outer 
electrode. The lead marked 28EE wms obtained by pairing a soft 
electrode at point 29 on the outer suiiace of tlie infarct with an in- 
ternal electrode thrust through the ventricular wall at point 28c. In 
this case the QRS deflections are very small. Since the infarcted mu.scie 
wrns not re.sponding to the cardiac impulse, this part of the ventricular 
wall developed no electromotive force between its inner and outer sui- 
faces. The small potential difference recorded is ascribed to electro- 
motive forces generated at a considerable distance from the two elec- 
trodes and bearing nearly the same spatial relation to both of them. 
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The preeovdial leads in this exiieriiiient are eleariy diagnostic of right 
l)raneh block complicated liy anlerior infarction. There are abnormally 
large Q waves, followed by late R deflections in the leads from the right 
side of the preeoi'dinm, and in the leads from tlie left side of the pre- 
cordiuin the early R component ordinarily present in iiiicomplieated 
rigid, branch block is ab.sent, submerged, or abnormally small. It is also 
clear that the potential variations of the precordial points and the po- 
tential variations of the nearest parts of the ventricular surface were 
closely related. The re.somblance lictween the precordial curves and 
the ventricular complexes of the direct leads is, however, somewhat less 
striking than in the ease of Dog 66. Since large QS deflections oc- 
curred in the dij-eet loads from a lai'ge part of the anterior surface of 
the left ventricle, it is surprising that they were not more faithfully 
reproduced 'in the leads from the left side of the preeordium. If the 
precordium had been moi-e completely explored, QS deflections larger- 
tlian those present in precordial lead Pg might have been obtained. 

Doff 5.9.— -The locations of the cpicardial points inve.stigated in this 
cxjicriment are indicated in Fig. 9, and characteristic examples of the 
curves obtained are reproduced in Pig. 10. The leads from points 3, 
•/, 8, and 1.9 on the free wall of the right ventricle display a late R 
wave, preceded by small iircliminary deflections consisting of an initial 
downward movement followed by a positive deflection of about the same 
size. Tliis second preliminary deflection notches the ascending limb 
of R. Similar preliminary deflections are present in the leads from 
points ISa and 55.s, which were taken with the .sharp electrode, but in 
the last the downward movement is preceded by a small positive peak. 
In the lead from the ventricular cavity at point 24c this positive peak is 
well develo])ed, but it is not followed by a conspicuous depression. The 
])rineipal R wave of this internal lead corresponds in time to the notch 
or shoulder on the upstroke of the R wave of the epicardial leads. The 
difference between the earlie.st potential variations of the right ven- 
ti-icular cavity and those of the epicardial surface of the free wall of the 
right ventricle was not, therefore, as great as the first glance at the 
tracings .sugge.sts. 

In the leads from points 2, 12s, 17s, and 21s, all close to the inter- 
ventricular sulcus, the ventricular complex consists of a conspicuously 
notched QS deflection of moderate depth, followed by a positive T wave. 
Since the sharp electrode produced no upward RS-T displacement in 
the last three of these leads, it is apparent that most of the muscle in 
this zone was dead and that the infarct extended across the interven- 
tricular sulcus. 

In the leads from points 1, 7, and 18, the QRS complex consists of a 
deep, notched or slurred QS deflection. At points 10s, 14s, and 23s, 
the sharp electrode yielded deep Q or QS deflections, followed by mod- 
erate upward displacement of , the RS-T junction, indicating that some 
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oi’ the .suhe])ieai-dial inuselc, but not all oJ! the subendocardial muscle at 
these points, was responding to the cardiac, im])ulse. The leads from 
points o, 6, D, lls, and 20s indicate that the corresponding parts of the 
A’cntricular wall were normal. At point 22s the sharp electrode yielded 
a curve Avhich shows no upward KS-T di.splacemen1, and in which the 
QRS complex is unnotched and .similar to that of the lead from the 
cavity of the left ventricle near point 2Sc, indicating that in this region 
the infarct was transmural. 



Fig. 9. — Uog 59. Outline drawing of anterior Burface of expo.sed liorirt. SjmbolB 

a.B in Fig. 

There is a close relation between the foi-jn of the ventricular com- 
plexes of the leads from the left side of the precordium and tho.se oi 
the direct lead,s from the cpicardial .surface of the left ventricle. In the 
leads from the right .sode of the jtrccordium tlie initial Q deflection is 
much larger in eompaiison with the late R wave than in the two ex- 
periments previou-sly described (Dogs 66 and 71). As regards the pre.s- 
ence of these lai-ge Q components, the ventricular complexes of these 
leads are unlike tho.se of the direct leads fi-om the cpicardial surface 
of the free wall of the right ventricle. The same jflienomenon is seen in 
the semidireet leads {HD in Fig. fO) Avhich v'ere taken from a pad of 
gauze soaked in isotonic saline .solution and laid upon the exposed heart. 
This pad was approximately 1 cm. thick, and the exploring electrode 
was moved aei’oss it 'step by step in a base-apex direction, so that the 
earlie.st lead.s (7 and 2) were from parts of the pad lying on the right 
ventricle. The ventricular complexes of these leads resemble those of 
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tlic coiTespoiidiiig x)recordiai loads in general conjoin-. It i.s apparent 
that in tliis experiment the potential variations of tlic surface of the 
infarct were nnnsually well transmitted to the right side of the pi-e- 
eordium and to the right side of the gauze pad. The reason may lie in 
tlie extension of the infarct to tlie riglit of tlic interventrienlar sulcus. 
The same phenomenon occurred in the case of Dog 62, but in this in- 
stance the animal died prematurely, so that a satisfactory number of di- 
rect leads could not be taken. In this exiierinu'nt. also, there was s])otty 
infarction of the part of the rigid, venti-ieular wall adjacent to the sep- 



Fig. 10. — Dog o9. Right bmidle brancli block and anterior infa7-ction. First row 
— unipolar precordial leads. Second row — semidirect leads from saline soaked gauze 
pad laid upon exposed heart. Third row — epicardial leads with soft-tipped electrode. 
Fourth row — epicardial leads with sharp electrode. Tracings labeled S.Jc and 25c are 
leads from the light and left ventricular cavities, respectively. 
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turn. It should be noted that, during the earliest parts oi! the QTIS 
interval, the potential variations of the surface of the infarct were much 
larger than those of the right ventricular suri’ace, w])ereas later in this 
interval this situation no longer existed. This explains ^s’hy the po- 
tential variations of the right side of the precordiura were at first like 
those of the infarctcd region, and later like those of the anterior surface 
of the right ventricle. 



Pis:. H.— Dofr 70. Outline tirawing of anterior surfuce of expo.«wl Iieort. .Symbols 

a.s in Fi&. H- 

Dog 70. — ^I’he locations of the ex>icardial points exploi-ed in this ex- 
periment are shown in Fig. 31, and some of the tracings obtained are 
reproduced in Fig. 12. In the leads from the free wall of the light 
ventricle at points 13, 14, 13, 16, IS, and 19, the QRS complex con.sists 
of a slender initial R deflection, followed by a deep, broad, and .slurred 
S wave. The T wave is upright. The venti’icular complex is of the 
same fonn in the leads from points 7, 12, and 20, except that in the last 
there is a mere trace of the initial R wave, and also in the leads from 
points 4, 5, 8, and 9, which were equally close to the anterior descending 
artery, but on the opposite side of it. In the dog it is the rule that 
the time of activation of points .just below thi.s arten* is not much a 1- 
feeted by section of either the right or left bundle branch. At points 2/!^ 
28s, 29s, and SOs, the sharp electrode induced pronounced upward RS-T 
di.splacement. 

In the lead from point 2 the QRS complex consi.sts of a tall, late R 
wave which displays conspicuous slurring of the first part of its a.scen 
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positive T wave. The sharp electrode produced a large iipwai-d dis- 
placement of the BS-T junction in the lead fj-om point 26s. 

In the lead.s from points 1, 6, iO, and 21, the ventricular cornjde.xe.s 
are of essentially the .same IVnm a.s in the lead ii'om the vent 7 'ieular 
cavity near point 24c. The QRS deflections eonsi.st of two .shaj-j), hut 
very low, .summits, followed by a deep S deflection, and the T wave is 
diphasic or inverted. The .sharp electrode yielded moderate uj>ward 
Bf5-T displacement at point 24s, .slight disidacement at ])oint 25s, and 
vej-y .slight displacement at point 31s. In all of the.se lead.s the initial 
QBS deflections are similar to tho.se of the lead fi'om the venti-icular 
cavity. It is apparent that a considerable pail of the ventricular wall 
in this region was infai'cted. 

A traiLsmural lead from the ventncidar cavity near point 31.c to the 
epicardial surface at point 32 (marhed 31EE in Fig. 12) shows very 
small deflect ion.s, indicating that the ventricular wall in this neighbor- 
hood was producing no appreciable electromotive force and wa.s not re- 
sponding to the cardiac impulse. It .should be pointed out that in the 
leads from the infareted region (points 1, 6, 10, and 21) the large 
downstroke which begins at the peak of B is not neai'ly as sleep a.s it i.s 
in the leads from uninjured parts of the ventricular walls. The absence 
of a very abrupt downstroke or tme intrin.slc deflection di.slingui.shc.s 
the QBS complex of these leads from tho.se of all the othei’ lead.s taken 
with the soft electrode, with the po.s.sible exception of the lead from 
jioint 5 (see Fig. 12). 

The ventricular complexes of the leads from tJie right .side of the ])re- 
eordiiim (P, to P-. inclusive) are strikingly similar in general outline 
to those of the direct leads from the free wall of the right ventncle and 
the zones on either side of the anterioi' descending coronary artery. 
The ventricular complexes of tlie leads from the left side of the pre- 
cordiiim (P., and P,,.) re.semble those of the dii'cct leads from the un- 
infareted anterolateral wall of the left ventricle. None of the xirecordial 
leads di.splays ventricular coinidexes like those of the direct leads from 
the .surface of the infarct. The reason jij'obably lies in the relativelj 
.small .size of the region within which a large part of the ventricular 
mu.scle was killed. But even if this region had been much larger, and 
the iiotenfial variations over its surface had been more faithfully tran.s- 
mitted to the precordium, it i.s unlikely that modifications of the ])rc- 
cordial curves diagnostic of infarction would have resulted, f^s has been 
clearly .shomi, the potential variations at the ejiicardial .surface of a 
trau-STnural infarct are always fn-actically identical with tliose of the ad- 
jacent parts of the ventricular cavity. Vfheii the left hrancii of the 
His bundle conducts normally, the cavity of ihe left ventricle is neg- 
ative throughout tlie OB.S interval, and leads from the .surface oi trans- 
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mural loi'l veufrioular infarcts yield dee]) OS dcllections wliieJi clearly 
indicate the nature of tlie lesion. K the infarct is anterior and not too 
small, similar cletleelions occur in suitable precordial leads. AYhen left 
branch block is present, however, the cavity of the left ventricle is posi- 
tive at the l)eg:innin]r of .sy.stole because of the electromotive force 
generated by the .s])read of the cardiac impulse Ihrongh the septnm 
from right to left. Jn Ihi.s case, leads from the onter surface of a trans- 
mnral infarct of the left ventrienlar wall display QRS complexes that 
consist of an R detleclion of variable size, followed by an S wave of like 
or gTcater volt age. Such deflections in precordial leads are not snf- 
hcientlv distinctive to have mneh diagnostic. Amine. If they occur in 
leads from the e.xtreme left side of the pj’oeordium, Avhich ordinarily 
yiehl QRts com])le.\es consisting of a single eom])oncnt, a Inmad, .slurred, 
notched, or bifid R Avavc. they may justifiably lead to the .suspicion that 
an infarct i.s present, luil cannot furnish reliable CA'idence of the ex- 
istence of such a lesion. The ivcognition of infaretion of the free AAmll 
of the left A’entricle in tlie })rcsence of left bundle’ branch block on the 
ha.sis of modifications of the QRS complex is, therefoj-e, extremely diffi- 
cult. 

.su.Ar.ArAKV 


In dogs, myocaidial infarcts induced by ligating the anterior descend- 
ing coronary artery in its middle thii’d do not nsiially modify the QRS 
com})lexes of the standard limb leads in a elmraeteristic manner AA'hen 
bundle branch block is present. 

AYhen sncli infai-ds are complicated by right bundle branch block, the 
QR.S coin])]exes of nnipolai- leads from tlie right side of the precordium 
disjilay a large, initial Q deficclion, folloAved by an .R AvaAm Avhich at- 
tains its summit late in the long QRS inteiwal. The first component is 
due to ])otential Amriations transmitted from the epieardial surface of 
the infarct ed region, and Die second to potential Amriations tran.smitted 
from the epieardial .surface of the free Avail of the right ventricle. Leads 
from that part of the precordium OA’crlying the infarct present large, 
broad QS deflections, often eonspicnously slurred or notched. 

^Yhen left branch block is present, infarction of the kind in question 
does not give rise to characteristic changes in the QRS complexes of the 
precordial leads because the potential of the left ventricular cavity and, 
therefore, of the epieardial surface of the infarcted region is positive 
during the earliest part of the QRS inteiwal. In direct leads from the 
epieardial surface of the infarct, the QRS complex consists of an initial 
R deflection of variable size, folloAved by an S component of like or 
greater voltage. In the case of very large lesions, QRS complexes of this 
kind, probably occur in leads from precordial points oAmrlying the part 
of the left ventricular'Avall AA'hieb is affected, but cannot be considered 
reliable evidence of infarction. 
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aORONAKV OCCLUSION, CORONARY INSUFFICIENCY, 
AND ANGINA PECTORIS 

A Clinical and Post-]\Iorte:\i Study 

Arthur M. -Mastuk, jM.D., Harry L. Jaffe, M.D., Simon Back, 

AND Arthur Grirmaian, M.D/* 

T he fre(iiiency oC disease of the coronaiy arteries’- = iias lent great 
iinpctns in recent years to llie study of tiiis disease, both clinically 
and palliologiealhY'’' It is now known to be tlie most important disease 
of all, considering all age groups. In large part this is due to the in- 
crease in the span of life,’ enabling many more persons to reach the 
age at wliieh coronary nrlerv disease is prevalent. The .subject is of 
critical importance toda.v, when a large army is being foi’ined, for it 
has licen .shown that coronary artery disease is common among militar.v 
personnel over the age of 40 years.*’ It is, tlierefore, essential that 
correct terminology be used in discussing coronary disease, but con- 
siderable confusion exists at the present time witli re.speet to the use 
of the terms '’coronary oeeliision” and “coronary insufficiency." 

Coronar.v artery occlusion means sudden, complete obstruction of a 
coronary arteiy. The symptoms and signs associated with the attack 
include severe and prolonged siibsternal pain, shock, impairment of 
the first licarl sound, gallop rhythm, occasionally a pericardial rub, 
a fall in blood pre.s.snre, fever, leucocytosis, and a rapid sedimentation 
rate. Acute coronary insufficiency indicates necrosis or infarction of 
the myoeardinm. without complete closure of a coronary artery. This 
concept of acute coronary in.snffieieney has been firmly established as a 
specific entity by tlie work of many authors, both in Germany and 
in this country.*'" It has been demonstrated eonclnsively tliat pain 
and necrosis or infarction of the myocardium may he produced by severe 
or prolonged diminution in coronaiy flow in the absence of coronary 
occlusion. 

Some writers”-’^ have been prompted to discard tlie term “coronary 
occlusion " on the assumption that it is impossible clinically to dif- 
ferentiate coronaiy occlusion with infarction from coronary insufficiency 
with necrosis or infarction of the heart muscle. They thus relegate the 
term “coronary occlusion" to the post-mortem room. We do not agree 
with this point of view, for, in our experience, coronary occlnsioii with 
infarction presents characteristic clinical and eleetroeardiographie 
changes which are almost always distinguishable from tliose produced 

Prom the Cardiographic Laboratory, The Mount Sinai Hospital, New York. 
Received for publication June 1, 1943. 
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by iDiardion. eaiised by eoronaiy iiisumcieiicy.i^-’^ , Although both con- 
diiioivs oecusioDully result in similar elinieal entities, coronary occlusion 
iisimlly presents n well-defined syndrome which is readily distinguished 
from coronary insufficiency, and both conditions differ in theii” causal 
lelationship to se\eic CEcrlion and trauma. Jt is thus obvious that a 
correct terminology of coronary disease is essential, and that it is im- 
portant to distinguish coronary occlu.sion clearly from coronary in- 
sufficiency. " ' 

A major diffei'cnce between coronary occlusion and coronary in- 
sufficiency is in the mode of onset (Table I). The start of coronary oc- 
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r.'iL' 1 A— Case -U. K. F.. a jnan, .35 years of age. The electrocarcliqp-arn is 
characteri.stic of acute coronary occiusion with anterior wall infarction; it shows 
Ueeif n waves elevation of the RS-T segments, anti inversion of the T waves in 
Leads I and iv. There is a reciprocal relationship of tlie RS-T and T w'av-es in 
Leads I and III. Autopsy — acute occlusion of anterior descending bianch of left 
coronary arterv, with infarction of anterior surface of left ventricle. 

-pip. iR_Case 39. M. H., a man, 68 years of age. Tlie electrocardiogram is char- 
acteristic of acute coronary occlusion with po.sterior vvall . A 

n -ivuvos nnd elevation of the RS-T segments in Leads II and III, depiession of RS-T 
m I eafs I and IV and inv’ersion of T^. There are also complete heart block and 
nti^vtntricmar block as .a result of infarction of the posterior portion of the septum. 
Autops?-acute occlusion of the right coronary artery with infarction of the po.stenor 
aspect of the left ventricle and intervenlricular septum. 
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elusion is independent of outside influences, such as effort and excite- 
ment, and actually is most common during rest or sleep.’'-' It is tlic end 
result of the progressive atherosclerotic proee.ss in a coronaiy artery, 
and the exact time of occurrence is a fortuitous event. Coronary in- 
sufficiency, on the contraiy, is due to a sudden inadequacy of coronary 
blood flow, produced by a number of factors. Tims, unusual effort 
and emotion increase tlie work of the heart; acute hernorrliage, shock, 
tachycardia, heart failure, .surgical operations, and aortic valve disease 
dimini.sh the amount of blood flow tln-ouglx the coronary ai-teiies. If 
either increased cardiac work or diminished coronary blood flow de- 
velops in the pre.sence of eoJ’onaiy artery disease, the myocardium 
may become ischemic and, if the pi-ecipitating factor j^ei-sisis, necio.sis 
of the heart muscle may ensue. Occasionally no discernible cause of 
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Fitr. 2 . — Ij. H., a woman, ,=55 vear.s oM v.'ith hyportonsion anU ctironoma of 

the stomach. Five days after subtotal' pastrccUjrnv she rlcvclopeU Oyepnea, cyanf^ls. 
and signs of conge.stisx- and pfcripl)r-ral failure, and died five days afterwards, rhc 
preoperative electrocardiogram (9/10) .«liowv-d left axis deviation and .slight KS-T de- 
pre.s.sion in Lr^ad.s I and 11, The electrocardiogram after the .attack t9/22) .shov/ed 
increa.sed depre.“.sion of KS-T in tliese lead.s and depression in Le-ad IV. The next 
day (9/23) the T tvave.s were dipha.sic in Eead.s I, II, .and iv', and inverted in I>ead 
HI. Tlie occurrence of R.S-T <leiiression and T-wave inversion, in the ab.sc^mce or 
liS-T elevation or Oeei> Q waves, pointed to coronary in.^ufflciency rather than to 
coronary occlusion. Po.‘-t-mortem examination revealed a large embolus in the right 
pulmonary artery. There was no obstruction in tbe x-oron.ory arieriea. 


the coronary insufficiency i.s present. Unlike coronary occlusion, jiain 
may be a minor .symplum in coronaiy jnsufficiency, and sometimes i.s 
obscured entirely by the eondition cau-sing the ischemia, for example, 
shock or a .surgical opei-ation.’-'' Even wlien present, the pain is often 
transitoiy. In other cases .status angino,sn.s may be present. In general, 
wlien no precipitating factor of an attack is apparent, the differential 
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(liamiosis of coronaiy occlusion and insufficiency may depend on tlie 
electrocardiogram. 

The electrocardiogram is considered cliaraet eristic of acute coronary 
occlusion Avhen elcA-ntion of llie KS-T .segment and a deep Q irave arc' 
jn-csont in one or more leads (P’ig. 1), Avith progressive cliange from 
RS'T elevation to T-Avnve inversion in serial records. 

In aente coronary insufficiency the typical eloctrocardiogTapliie 
changes consist of l^S-T de])ression and T-\vavc inversion in tivo or 
more lends (Fig. 2). K8-T elevation and deep Q waves arc absent. Un- 
like that in eomnary occlusion, the electrocardiogram returns to its 
original configuration in several da vs or weeks. 


-MATERIAL 

IVe liave attemjited to ovalnate the clinical and electrocardiographic 
difiyi-ences bchveen coronary occlusion and coronary insufficiency hy 
studying the 100 eonsecutive cases in Avhich the diagnosis of coronary 
occlusion had been made oi’ susjiected by the iiliysicians on the Avards 
and Avhieh Avere examined im.st mortem. After death avc revicAved the 
cases clinically and elect rocardiographically and divided them as 
folloAvs : 

Cases 1 to 40, Avitli elect rocardiogj-ams considered cliaraet eristic of 
coronary oeelnsion because of the iiresenee of Q Avaves and RS-T elcAm- 
tioh, progressing into T-Avave inversion. Therefore, it Avas predicted 
that coronary oeelnsion Avonld be found at autopsy in these cases. 

Cases 50 to 55, Avith bundle liranch block appearing for the fii’st time. 
The sudden oecnrreiice of Inindle branch block, in association AAntb a 
typical history in a imrson of middle age, suggested the diagnosis of 
coronary occlusion. 

Gases 56 to 60, Avitli elect I'ocnrdiograms characteristic of coronary iii- 
siifficieney, i.e., R8-T depressions and T-aativc inversion, progressing or 
retrogressing under obserAmtion. Because of the absence of Q AA’’aA’’es 
and R>S-T elevation avc predicted tliat myocardial necrosis due to 
eoronaiy insufficiency, Avitliont occlusion, Avoiild be found at autopsy. 

Cases 61 to 62, prcscutiug the lATieal electrocardiographic pattern 
of pulmonary embolism, i.e., large and Q.^, and T.^ iiwerted. 

Cases 63 to 100, a nondescript clinical grou]) Avitb nonspecific eleetro- 
eardiographic changes. Because of the absence of any cbaraeteristic or 
progressive eleclrocai-diograpbic pattern, sneb as those found in the 
preceding groups, neither coronary occlusion noi- coronary insufficiency 
could be dragnosed clinically. This group included a very lieterogenous 
series of cases. In many, careful consideration of the history and clinical 
obsor Actions, as Avell as of the electrocardiogram, disclosed the fact that 
the preliminary diagnosis of coronary occlusion should have been dis- 
carded early. Thus, a number of cases Avere not cardiac at all; these 
included bronchopnenmonia, cerebral accident, nephritis, and peritonitis. 
Ainong tlie cardiac cases Avere aente and chronic cor pulmonale, heart 
failure, and coronary occlusion and insiifficieucy. In many of these 
cases tiie electrocardiograms could not be used for scA^eral reasons. For 
example, sometimes only one or tAvo records Avere taken at long intervals. 
In other cases the administration of digitalis confused the interpreta- 
tion. In a number of cases the electrocardiogram preAdons to the attack 
AA’as markedly abnormal, Avith large Q AAmves, RS-T deviations, T-AvaA’^e 




— Uol't circuiullex oorouiiry iirtery. 
tIj.A.P. — tA'ft anterior dosoemlinir coronary. 
tU.C. — UiRlit coronary artery. 
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inver,sio 7 i, or bundle branel) block. There were seven inslances of 
“}n 7 )erten.sive'’ reeoi-ds, be., left axis deviation, bidi vollage QR.S, and 
RS-T dei)rcssion and T-ware inver.sion in Lead I. In view of the indis- 
criminate clinical dia^rnoses and elcctroeardiopj-aphic changes, which 
were .stalionaiy in this group of cases, it was considei-ed best not to make; 
any prediction concei-ning what would be found at autopsy. Actually, 
in the ma.iority of cases coi'onary oeclu.siou had not been considei-ed 
seriously, even clinically. 

After we had thas pi-edieted what Avould be found post mortem, the 
coronary arteries wei'c .studied minutely by multiple cross sections at 2 
to 3 mm. intervals.'* Xunierous microscopic sections of saispicious areas 
in the ve.ssel, as well as in the myocardium, were also examined. Tin; 
accuracy of this method and the Jiumber of coronary occlusions detected 
by it compare favoj-ably Avith any other method de.sc7’ibed. 

jn:.si:i/r.s 

The electrocardio"j-ajdiie and po.st-mortem observations iii each case 
are presented in Table II. The ehai-aeteristic ])altci'n of acute coronaiy 
oeclu.sion, consisting of R.S-T elevations aJid deep Q wave.s, was pj'csent 
in the electrocardiogram in Ca.ses 1 to 49, inclusive, and, therefore, it 
Avas predicted that eoronaiy occlusion AA'ould be found po.st mortem. This 
])redietion proA'cd to be time in fortA'-.scA'cn cases (Cases 1 to 47), i.e,, 96 
per cent of the eases. Not only did llie elect rocardiogi'am enable us 
to make the eoi-rect diagnosis of coronary ajfery occlusion in these forty- 
sGA'cn eases, but, in additioji, it correctly indicated the site of infarction 
tanterior or posterior) in forty-fiA-e. When infaretio)) inA'oh-es the 
anterior .surface of the left Axmtricle, the Q Avavc and R.S-T elevation 
appear in I..ead I and tlie chest leads: in posterioj' infarction, Leads 11 
and III .shOAV these alteration.s. It is CA'ident that, AA'hen the electro- 
cardiogram presents RS-1’ elcA'ation and Q wave.s, the diagno.sis of 
eoronaiy occlusion is jiractically certain. The tAA'o exceptions (Oases 48 
and 49) ]iroved to be instances of postoperative coronary insufficiency: 
necrosis of the myocardium Avas found only in Case 48; the othei- patient 
died Avithin eighteen hours, possibly too soon for anatomic changes in 
the myocardium to have occuri-ed. In the latter case (Case 49), a very 
profound state of shock suddenly dcA'eloped scA'eral days after a chole- 
cystectomy: there Avas no pain. In Ca.se 48 an attack of jnecordial pain 
and shock lolloAced jirostatectomy ; the bladder became .severely in- 
iccled and the patient's condition steadily declined. In both ca.ses 
coronary sclerosis of moderate degree Avas found po.st mortem, but no 
t-A'idence of recent oj- old occlusion. The inesence of R.S-T elcA'ation in 
both the.‘<e aisos suggests that the myocardial ischemia aa'os A'cry scA'ere. 
In summary, the electrocardiogram indicated coronaiA' oeclu.sion in 
forty-nine cases, and it A'.’as found jiost moilem in forly-seven. 

Bundle branch block aa-os present in .six ca.ses (Cases 50 to 55;, Avith 
a tA^pical history of coronary occlusion, and the latter AA’as found 7 >ost 
mortem in all. TJk- sudden apiiearauce of biindie branch block in asso- 
ciation Avith an acute attack of pain or shock siiould make one suspect 
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acute corouary occlusion as tlio ])rccipil<i1iug cause. On the oilier 
liaiidj it. is frequently inqios.siblc to make a diai>iiosis of acute coronary 
occlusion in the presence of a huiidlc branch block pattern, for it may 
have existed prior to the attack and may not chanfxe as a result of it. 
The presence of IIS-T elevation and Q waves luay not be significant be- 
cause they may be intrin.sic in the bundle branch block pattern and bear 
no relation to the acute attack. However, the .sudden onset of bundle 
branch block is suggestive of recent coronary occlusion. 

In Cases 56 to 60 there was progressive ES-T depi’essioh or T-wave in- 
version, or both, i.e., changes typical of coronary insufficiency, and in all 
five cases this was confirmed at autopsy, which revealed coronary 
.sclerosis without occlusion. Myocardial neci-osis was present in three 
ca.ses. The electrocardiographic changes occurred after operation. 

In Cases 61 and 62 the electrocardiogram was tyjiieal of pulmonary 
embolism, and this was present in both at autopsy. Although the elec- 
Irocardiographic pattern of pulmonary embolism may simulate coronary 
occlusion with posterior infarction, the proper diagnosis can usually 
be made if the diagno.sis of pulmonary embolism is considered. 

The remaining group (Cases 63 to 100), as we have seen, included a 
heterogeneous collection of noncardiac and cardiac cases and Amrious 
clinical pictures, without any specific electrocardiographic pattern, 
which made it impossible to antici])ate the post-mortem observations. 
AYe have already pointed out that in the ma.jority of these cases the 
diagnosis of coronary occlusion should not have been entertained clin- 
ically. At autopsy the causes of death were various, including heart 
failure, nephritis, jineumonia, peritonitis, cor pulmonale, coronary in- 
sufficiency, and coronary occlusion. 

COiBinXT 

Our results amply confirm the value of the term ‘'coronary occlu- 
sion.'' Not only does it embrace a tyjiical syndrome, well known to 
every physical!, but it is associated with a characteristic, iirogressive, 
electrocardiographic pattern. The . attack usually consists of severe, 
])rolongcd substernal pain, some degree of shock, a change in the heart 
.sounds, e.g., gallop rhythm, a pericardial rub, a fall in blood pressure, 
and, frequently, heart failure. Fever, leucocytosis, and a rapid sedi- 
mentation time usually appear on the second or third days. The pain 
is not relieved by nitroglycerin. When RS-T elevation and deep Q 
Avaves are present in the electrocardiogram, it is almost certain that 
coronary occlusion exists; that is, it is present in 95 per cent of . the 
cases. Such accuracy compares favorably AAuth anj^ diagnostic proce- 
dure ill medicine. Yet, some authors have advocated discarding the 
term “coronary occlusion'*’ merely because of the rare exceptions in 
which this clinical picture and electrocardiographic pattern are pro- 
duced by infarction without occlusion. It should be emphasized that 
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coronary insufficiency itself, with or without infai'ction, also is asso- 
ciated in the majority of eases with a specific elect i-oeardiographic 
pattern, namely, RS-T depression and abnormal T waves in two or 
more leads. Thus, with occasional exceptions, coronary occlusion and 
coronarj' insiiffieieney ea?! be readily differentiated. 

It is true, as we have found, that, in some cases, coronaiy occlusion 
does not produce characteristic clectroea?'diographic changes, hut that 
fact also does not militate again.st the n.se of the term ; the same holds 
for some instances of coronary in.sufficienc.v. These cases are usually 
the ones in which the electrocardiograin was pieviously abnormal as a 
result of old coronary occlusion, bundle branch block, or marked en- 
lai’gement of the heart, and the advent of another ocelnsion or of 
coronary insufficiency may not alter the electrocardiogram significantly, 
or may produce equivocal or non.specific changes. In such cases the 
presence of a precipitatinjr factor, such as effoi't, emotion, shock, oj^era- 
tion, or hemorrhage, should make one suspect coJ’onary insufficiency 
without occlu.sion. In the latter, the y)ain not infrequently is mild, a 
pericardial rub is absent, and heart failure u.sually is not sevei-e. Fever, 
leucoeytosi.s, and rapid .sedimentation time are, as a rule, less marked 
than in coronarj' occlusion. 


The term “acute coronary insufficiency/' in the re.slricled .sense de- 
scribed by us, has been employed and accepted for a number of yeais 
in the foreign literature, particularly in Germany,''” The term then 
appeared in the American literature.’^*"' Its differentiation from 
coronaiy occlusion was clear. Therefore, the recent attempts to alter 
the meaning of the lenri to emhiace all types of acute coronary disease, 
including coronaiy ocf-lusion. .seem to ns coiiiusina and without ad- 
vantage, It wouhi still be necessaiy to sejiarale coronary in-sufiieieney, 
in the narrower scn.se of m.vocardial infarction without occlusion, from 
coronaiy occlusion. We Iiave .shown that 95 per cent of cases can be 
divided into acute coronaiy occlusion and acute coronary insufficiency 
clinically and clcfirof-ardio^raphically, and it doe.s not clarif.v the prob- 
lem to discard both of these useful concepts because 5 per cent of the 
cases do not tall into either of the two groups. For similar leasons we 
object to another reeenl su"ge.stion, namely, the u.se of the tcirri 
“coronary iiiilure ’ to desiimate all acute coronaiy seizure's, whether due 
to ocelu.siori or to insiiffieieney. This amhiguou.s term would merely add 
to the confusion, and is quite unnecessary. 


The icirns “coronary 
he used inlcrchanaeably. 


oeeln.sion'’ and “coronary thrornhosls'’ may 
ijut the former is preferred by u.s hecau.se it has 


been .shown in refenl years that the commonest mecharii.sm of occlusion 


is inliinal licmovrluiae 'vvhieh rna.v rc^iult in damage to the overlying 
endothelium and sccondaiy thromho-sis. or may even occlude the lumen 
without thiombosls.'’ * 


MASTER ET Ah.'. 


CORONARY DISEASE 8l5 


Tilo concept, of angina pectoris Jias undergone considerable changes 
and discussion in recent years. It is now generally agreed that the 
attack represents a temporary in sufficiency of the coronary flow, and it 
lias been suggested, tlicreforo, that the term "angina pectoris" be dis- 
carded, and one sucli as transitory coronary insufficiency be employed. 
Theoretically this is .iustified. However, the classical syndrome of 
angina ])ect oris, including the typical substernal ],)ain and its radiation, 
its relation to efi'ort, excitement, cold, and eating, and its relief by rest 
and nitroglycerin, is so characteristic and firmly established that it 
would seem advantageous to retain the term to connote one type of 
coronary insufiicieucy (Talfie 1). It differs from the more severe forms 
of coronary insufficiency in that anatomic alterations do not occur in the 
cardiac muscle. Clinically, the attack of pain is u-sually of short dura- 
tion. Shock is a!>seiit, the heart sounds and blood pressure are not 
significantly altered, and a pericardial mb and heart failure do not 
appear. Fevci\ leneocytosis, <'uid an increase in the sedimentation rate 
are absent. Immediately after the attack the patient returns to his 
previous condition, that is, lie may feel entirely well. The electro- 
cardiogi-am is usually normal, but the changes characteristic of 
coronary insufficiency,' that, is, RS-T depression and T-wave abnormali- 
tieis, inay aipicai' tran.sicntly during the attack: RS-T elevations and 
Q waves are not encountered. 


CONCLUSION 

Tlio clinical, electrocardiographic, and ])ost-mortom observations have 
been evaluated in one liundred consecutive cases in which the diagnosis 
of coronary occlusion had been entertained clinically. 

Aciilo coronary disease should be divided into coronary occlusion and 
coronary insufficiency. Each of these is associated with a cliaracteristie 
electrocardiographic pattern, and coronary occlusion usually jireseiits a 
typical clinical picture. 

Coronary occlusion is produced by obstruction of a coronary artery, 
and usually results in a confluent infarction extending from endo- 
cardinm to pericardium. It is not related to external factoids. The 
electrocardiogram typically presents deep Q waves and RS-T elevations, 
progressing into T-wave inversions which persist for a considerable 
period; 

In forty-nine cases there was an eleetrocardiograpliic pattern which 
was regarded as characteristic of coronary occlusion, and the latter was 
found po.st mortem in forty-seven of these. In addition, the electro- 
cardiogram correctly indicated whether the infarction was anterior or 
posterior. 

Not every attack of coronary occlusion results in typical electro- 
cardiographic alterations ; this is true chiefly of multiple, fatal attacks. 

The presence of a bundle branch block pattern in the electrocardio- 
gram frequently makes the diagnosis of coronary occlusion uncertain. 
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Coronary insufficiency is usually precipitaled by some factor ■\vhicli 
increases the woi’k of the heart, or reduces the coronary blood flow. The 
clinical picture is variable. The electrocardiogram .shows RS-T de- 
pressions and T'Wave inversions which last several hours or days. At 
autopsy, disseminated areas of necrosis are found in the subendocardial 
layer and papillaiy muscle. 

The tenn “angina pectoris” is u.seful to indicate a tran.sitory attack of 
chest pain which usually appeai-s on effort, with transient or no acute 
electrocardiographic changes. 

"ViTien the characteilstic electrocardiographic pattera of coronary oc- 
eliLsion occurs, occlusion will be found at autopsy in 95 per cent of the 
eases. 
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EbECT]M)CARDIO(;RAPJ-I].C CHANGES IN U]iEJlIA 
ASSOCIATED WITH A HIGH CONCENTRATION 
OP SERUM POTASSIUM: REPORT 
OP THREE GASES 


Normax JI, Ka™, Jl.t).,' Howard B. Burchelo, M.D. *f and 
Archie H. Baggkxrtoss, M,D4 
Eochestkr. ]\r,IXX. 

*^N A previous coiuuumieatro?!^ we deuionsi rated tiiat defects of intra- 
veutrieular conduct ion developed in two cases of uremia in which 
the concentration ol potassium in the sci*um was increased abnormally. 
Similar elect I'ocardiograpliic cliangcs })ad been noted by two groups of 
invest igatoi-s i?i studies of experimental animals rendered toxemic by 
the injection of potassimn salts or by the production of anuria.-"* In 
oiir experience and that of otbei\s\ this cleeti‘ocai’diogi'a])bic pattern in 
association ^vitb a nmrked increase of concentration of potassium in the 
serum lias occurred rarely among uremic patients.** *** ® During the 
spring of 1943, for a jieriod of six weelcs, we observed a patient in 
different jibases of in'oinia. Numerous electrocardiograms and estima- 
tions of tlie concentration of potassium in blood serum were made 
simultaneously on this patient. During the last few days of life the 
serum potassium increased rajiidly and an intraventricular conduction 
defect develojied, AYo therefore thought it desirable to publish in de- 
tail the clinical coui^sc, jiathologic observations, studies of renal function 
and of the chemistry of the blood, and electrocardiographic changes in 
these three cases. Evidence will be presented that death was due to 
pota.ssium intoxication. . 

REPORT OF CASF.S 


Case 1. — The patient, wlio was 18 years of age, was the son of a 
farmer. The family history was irrelevant to liis present illness. The 
patient had contracted mumps and chicken pox in childhood. Tonsil- 
lectomy had been performed when he Avas 5 years of age. The present 
illness” began March 3, 1936, five Aveeks before admission-, it folloAved 
exposure to rain, Avlien he became chilly and felt sick all o\^er. Three 
days later, .sAvclling of tlie face and ankles appeared and his pliAMcian 
found albumin in the urine. The patient Avas put to bed for two weeks, 
and during this period the edema subsided. 

On admission, April 7, 1936, pliysical examination revealed the pa- 
tient’s height as 6.9 inches (175 era.) and Aveight as 14714 pounds 
(67 kg.). There Avas edema of the eyelids, grade 1 (on the basis of 1 
to 4, in Avhich 1 designates the mildest and 4 the most severe edema), 
but no anemia ; the tonsils had been removed previously. The cardio- 

Heceivecl for publication March 6, 15)44. 

♦Division of Medicine, Mayo Clinic. 

fSince Dr. Burcliell made his conti-ibution to the work on wliich this paper was 
based he has entered the Army and is now a Captain in the Medical Corps, Army of 
the United States. 

^Section on Patliologic Anatomy, Mayo Clinic, 
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•Tniclnps taken and blood withdrawn for chondcal studies nineteen hovirs before death. 
tPatlont died. 
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vascular system^ was ohjeetively normal. However, the initial blood 
pressure was 150/80. The ocular fundi were normal. A roentgeno- 
gram of the c.host_ was reimrted negative. Routine urinalyses, four in 
all, showed a. specific, gravity of 1.010 to 1.020, no reducing substances, 
and a. large amount of albumin (grade 4) ; the .sediment contained a 
moderate number of liyaline and granular casts, erythrocytes, and 
leucocytes. A high serum sulfate and a decrease in the clearance of 
both urea and .sulfate indicated diminish.ed renal function. During the 
patient s stay of six days in ilie hospital, the edema disappeared and his 
weight decreased 9'’14 pounds (4.4 kg.). For studies of bloocl and renal 
fiuiction, see Table T. Our diagnosis Avas acute or subacute glomerulo- 
nephritis. - 

Two, and a half months later a chccku]) revealed a healthy looking 
young man except for .slight edema of the legs in the pretibial regions. 
The blood pressure Avas 130/85. Routine urinalysis still reAmaled a 
heuvy precipitate of albumin, and, in tlie sediment, erjdhroeytes 
(grade 3). 

The patient a])pearcd to liA’e comfortably for the next three years, 
Avorkiiig as a bookkeeper. Occasionally lie noticed slight edema of the 
eyelids, but this Avonld disajipoar after a niglit s rest. Tavo weeks 
before his return to tlio clinic a re.spiratory infection, accompanied by 
a dry cough and dy.spnea, dcA'eloped. 

On the patient’s third admi.s.sion, Oct. 2, 1939, he appeared anemic 
and orthopneic; llierc Avas edema, grade 1, of tlie face and back and 
grade 2 of the legs. Ho AA^eighed 155% pounds (70.5 kg.). The heart 
was enlarged, measuring, on percussion, 3 [ 12.5 cm. The heart rate 
AA*as 106 per minute. Tlicrc AA*as an audilile to-and-fro, leathery friction 
rub over the apex and base of the heart. There were moist rales over 
the ba.ses of both lungs posteriorly and signs of consolidation in the 
right loAver lobe. The blood pressure Avas 170/120. Examination of 
the ocular fundi shoAved edema of the disks of 3 and 2 diopters, scat- 
tered hemorrliages, and distinct narroAving of the retinal arterioles, i.e., 
signs of acute angio.spastic retinitis. A roentgenogram of the tliorax 
revealed CAudence of hroncliopneumonia in the loAver part of the right 
lung. Routine urinalyses, six in all, revealed essentially the same re- 
sults as on the previous visits, namely, a large amount of albumin, no 
reducing substances, and a sediment containing moderate numbers of 
hyaline and granular casts, erythrocytes, and leucocytes. There AA^as a 
scAmre secondaiy anemia, AAdth a concentration of hemoglobin of 4.3 Gm. 
per 100 e.c. of blood. Tlie flocculation reaction for syphilis Avas nega- 
tive; the concentration of urea and creatinine Avas very high, namely, 
220 mg. and 13.2 mg. in 100 e.c. of blood, respectively, and there Avas a 
moderate reduction of tlie carlioii dioxide combining poAA^er of the plasma 
(Table I). Thus, it Avas clear that the patient Avas suffering from 
chronic glomerulonephritis, scA’^ere I’ciial insufficiency, iiiemia, anemia, 
}^jrpQ2>^0Qgion, myocardial degeneration and failure, lironchopiieumonia, 

and pericarditis. 

Course in Hospital, Oct. 2 to 10, 1939.— T\\e patient’s temperature 
rose at times to 101° P. The volume of urine in tAventy-four hours 
gradually decreased from 1,150 c.c. to betAveeii 100 and 300 c.c. during 
October 6, 7, and 8. A blood culture taken on October 3 failed to shoAv 
any groAvth of organisms in forty-eight hours. On October 4 the pa- 
tient Avas given a transfusion of '500 c.c. of blood, after AAdiich transitory 
pulmonary edema developed. The pericardial friction rub persisted 
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from the time of admission until death, on Oct. 10, 1939. Orthopnea, 
pain in the thorax, and apprehen.sion M'cre the patient’s most tronhle- 
some symptoms. Electrocardiograms were taken on .six occasions from 
October 3 to 9. The concentration of potassium in the serum was ab- 
normally high, namely, 7.1 milliequivalents in 1,000 c.e. on October 5, 
but increased on October 9 to 10.5 milliequivalents in 1,000 c.e. (Table 
I). On this latter date the electrocardiograms showed great similarity 
to tho.se of dogs poisoned by potassium (Fig. 1). On the following 
day, October 10, the patient died. 


n 

~T 

~ 





j 

j 






□ 

j 






rr\ 


0m0 


mm 


n 

t 



1 







1_ 








-*• 

-A, 

! 






















1 



u, 







































2 

*5 


2 





J 




II 


10 - 3-39 


7.1 










1 







L 







hi 

->« 

A* 





i 







ll— 






J 

Lz: 





u 



L 











1 




W 


— 



T" 



F" 


J 







n 







i 





J- 


J 


“T 



1 


1 

> 




L 

2 

1 





P 











10 - 5-39 































* 



’ 





U- 


_L 





mm, 
















n 






MM 

Si 

... 

.. 








- 

H 

- 

- 

— 

- 















/L 


i 

2 



l7 

A 
















10 - 7-39 



I-roiri fiof f -Smilli and Winklcr--l)oir 



Fif,'. 1. — Ell'ctrocardioKr.im.s of Patient 1, which show proBTOHsivc chan^fcs sug- 
ge.slive of po as.siuni poi.xcnlng. in the nr.«t tracinijs (10/3/3'J) there i.s left axis 
deviation, with a .ehallow. diphasic T wave in L/jatl I. The second tracings (10/5/39) 
sliow .an increase in the height of the T wave.s in all lead.s and a "peaked” appejirance 
of the T wave in the chest lead. In the third tracings (10/7/39), delay of auriculo- 
yc-ntricular conduction (F-R = 0.2-1 to 0.2C second) and widening of the QRS complex 
have made their appearance. In tlie la.st tracing.? (10/9/39), P waves cannot he 
identified, and there is a marked Intraventricular conduction defect (QRS = 0.18 
second). A few premature beats of probablv ventricular origin are al.«o present. 
Note similarity to tracing.s publi.«hed hv Hoff, Smith, and "Winkler in their report 
on experiment;!!' intoxicfition with potassium (p. 608). Above the second and fourth 
tracings on PaUent 1 .are given the pota.ssium content of the serum in mllliequlvalent.s 
.'IS also rioted, below, m the four tracing.? of the dog. 


A co cip.s",)/. — There "tvas moderate edema of the Ieg.s, and approximately 
1,000 c.e. of clear fluid were present in the peritoneal caviti'. 

The heart weighed 740 gi-ains. The epicai-dium was covered by 
fibrinous (ixudate. The walls of the left ventricle were thickened, and 
the ventricle was moderately dilated (Fig. 2rz). Coronary .sclerosis 
was graded 1. 

There was chronic caseous tuberculosis in the lower part of the up- 
per lobe of the right lung, with involvement of the hilar nodes. The 
lower lobe of the right luri" was the seat of patchy bronchopneumonia. 
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Tile spleen mnghecl 230 grams, .'iiid was moderately eongested. The 
liver weiglied 2,245 grams, and was the seat of ])assive congestion of 
modcrale degree. The lower end of the esophagus was covered by a 
pseudomembranous exudate. In the lower ]iar( of the ileum there 
were two small ulcers of l^eyer's ]>atehes. 

The right kidney weiglied 140 grams. The surface was finely granu- 
lar and the consist eney Avas moderately increased. The markings of 
the cut surface were indistinct. The cortex was 0.6 cm. in Avidth, and 
the medulla, 1.5 cm. Tlie left kidney AA'cighed 147 grams and had the 
same appearance as the right. 
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JJistoloyic Exaviiiudion . — Sections of the inyocardinm ax^peafed nol’- 
mal (Fijr. 2b). Sections of the epieardium revealed a fibrinous ex- 
udate containing very few cellular elements. There was beginning or- 
ganization of this exudate by fibroblasts from the epicardial surface. 



“■ — -Patient 1. KiOney, a, Hyalinizatlon of glomeruli; dilatation of Home 
atrophy of other." ; canta ami erythrocytes in tublileB; IncreaKe of 
in terijiitlal connective ti.x.Hue and lymphocyte." (hematoxylin and eo."in x'lO). V, Same 
(hematoxylin and eosin xlSO). > -'j- > 

Tilt; appearance wa.s con.si.stent witii tliat of .so-called uremic rau-icai'ditis 
(Fig. 2c). 

Sections of the riglit lung revealed xirogre.ssive, nodular, caseous tu- 
bereulosi.s in the upper lobe. Sections from the lower lobe of the .same 
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lung revealed tiibcreiihnis broiicbopneiiiiionia with miicli caseation. Be- 
tween the regions of caseation, the alveoli were filled bv lame clear 
■vacuolated ]fiiagocy(ie cells and bTuphocAdcs. The iileer.s in the ilenm 
proved to be tiilicrciilons in histologic .sections. 

Sections of both adrenal glands appealed normal. 

Examination of many sections of both kidneys ’failed to reveal a single- 
normal glomerulus. i\rost, of the glomeimli were incroa.sed in size, and 
the capillaries were largely obliterated by an acidophilic, homogeneous, 
hyaline material (Fig. 3, a and h). The endothelial cells were "encased 
by the homogeneous material and usually were diminished in numbers. 
Occasionally, glomeruli were observed in which .some of the capillaries 
were still patent. Synechiae and epithelial crescents were numerous. 
The tubules wore generally collapsed and lined by atrophied epithelium, 
A few of them were dilated, and most of them contained precipitated 
albuminous material. Lynpilioeytcs and interstitial connective tissue 
were increased in amount. The arteries and arterioles revealed sclerosis 
graded 2. 

The following anatomic diagnoses were made: (1) chronic glomenilo- 
nephritis, (2) fibrinous jioricarditis, (3) hypertrophy of heart (hyper- 
tension), (4) chronic tuberculosis of the lungs, with tuberculous pneu- 
monia and chronic tiibercnlo.sis of hilai- nodes, (5) tnbercnlous nicer 
of ileum, and (6) p.seudomembrauous csopliagitis. 

The duration of the renal disease in this case was throe years and 
seven months. 

Case 2. — The patient, aged 61 years, was an accountant. There were 
no facts in the family liistory pertinent to his present illness. As a 
child he had sutfered from asthma. Ife had had pneumonia at the 
age of 23 years, pleurisy at 31, and influenza in 1918, when he was 39 
years old. ' He also had had tonsillitis before 1920. Since IMay, 1939, 
or a year before tlie onset of the present illness, the patient had felt 
a heaV sensation under the lower part of the sternum, usually after 
the first swallow of solid food at the evening meal. This sensation was 
relieved by drinldng water ; however, four or five times a week lie 
would vomit most of his supper ivitliin an hour after ingestion of the 
meal. The onset of cardiac symptoms occurred in May, 1940, seven 
months before admission, wlien dyspnea, developed rather suddenly on 
exertion. Ten days later orthopnea became severe and edema developed. 
The patient was confined to bed for two months, and at the end of this 
period seemed to be greatly benefited by this rest. He was up and 
about from July IS to October 1. On this latter date orthopnea and 
edema forced him to bed again. For the eight weelcs preceding admis- 
sion, coughing and nocinrnal dyspnea had been the most irritating 
.symptoms. The patient had noticed a diminishing volume of urine for 
.some time. Treatment had consisted of digitalis and sedatives and three 
in.]ections of merhaphen during Novemlier. 

The patient was admitted to the hospital Nov. 27, 1940. He weighed 
136 pounds (61.8 kg.), and Ms height was 65 inches (165 cm.). He 
was ortbopneic, and considerable dependent edema was present, in- 
cluding the scrotum. The heart was enlarged, tachj’-cardia was present, 
and some of the heartbeats did not produce a pulse in the radial artery. 
The heart sounds were distant. Gallop rhythm could be heard, but no 
murmurs. There were numerous moist rales throughout the lungs and 
signs of fluid in the right lower portion of the thorax. There was^also 
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evidence of congestion of the liver; the edge was easily palpated 5 cm. 
below the costal margin. The blood pressure was 115/85. Dr. Wagener 
reported that the ocular fundi Avere es.sentially noi-mal. Eoutine 
urinalyses, four in all, showed a specific graAuty of 1.014 to 1.024, albu- 
min, grade 1 to 2, no reducing sub.stances, and a sediment containing 
hyaline casts, grade 3, and leucocytes, grade 1. There was no anemia; 
the erythrocytes numbered 4,480,000 per e.mm. The blood floccula- 
tion reaction for syphilis Avas negatiAm. A roentgenogram of the thorax 
revealed an enlarged heart .shadoAv (greatest diameter, 17 cm.) and 
some congestion at the bases of both lungs. The clinical picture AA'-as 
that of chronic myocardial degeneration and failure, Avith severe chronic 
pa.ssiA'c congestion ot the lungs, liver, and kidneys. 
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r jp. •}. — Electrocardiograms of Patient 2. The flr.st tracing.? ( 11/2 (/40) show low 
?impljtude, with slurring: of the QRS complexes, isoelectric T waves in the stanaaro 
l^l^t axis deviation. There are delayed auriculoventricular conduction 
(P-R 0.2‘l second) and a few premature heats of ventricular origin. The second 
tracings (lJ/3/iO) show tliat a marked intraventricular conduction defect (QRS ~ 
0.16 second) ha.s develorcd, with ihe P-R Interval remaining the same: note 
potassium content of serum in milliequivalents. 


Course in the Hospital from November 27 to December 7 . — The blood 
pressure aa'os measured each morning. It varied from 100 to 130, .sys- 
tolic, and 80 to 100, diastolic. The A'olume of urine Avoided in tAventy- 
iour honr.s Avas decidedly reduced, A'aiying fi’om 100 to 125 c.c. The 
clinical picture avjis cliaraclerized by Ammiting, oliguria, increasing 
edema, and the rapid development of uremia. The blood urea increased 
from 48 mg. on November 27 to 246 mg. on December 6. On December 
(he patient began to be droAvsy, and, on December 5, confused and 
stuporous, and from then until death, on December 7, there AA'as in- 
creasing cardiac and renal failure. The administration of 12 Gm. of 
potassium nitrate in forty-eight houi*s during NoA'cmher 29 to Decem- 
ber 1, of 2 c.c. of salyrgan on November 28, and of 2 c.c. of mercupurin 
on December 1 did not produce any diure.sis, and therefore the use of 
these drug.s Avas di.seontinucd. Tavo electrocardiograms Averc taken, 
the flrst on November 27 and the second on December 3. The lattei' 
roA'ealed a distinct intraventricular conduction defect (Fig. 4), On 
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].)C(_‘omber 3 tliero was also a liigli scrinii potassium coiicenlration of 8.7 
imlhcqmvalculs in 1,000 c.c. these findings were similar to those in 
Case 1. On lOcccmiier 6 a second estimation -of the serum potassium 
revealed a concentration of 8.8 milliequivalcnts in 1,000 c.c. (Table II). 

Nccropsy.—Thove was severe edema of the legs and scrotum The 
peritoneal cavity contained 200 c.e. of clear yellow fluid. There were 
700 c.c. of clear, straw-colored fluid in the right pleural cavity, and 
350 c.c. in the left pleural cavity. 



Fipr. '}. — Patient 2. Hern’t. Hypertrophy anti severe rlilatation of left ventricle with 

iminU tlirombi. 


The heart, weighed 485 grams. In the right auricle, at the orifice 
of the coronary sinus and immediately above the tricuspid valve, there 
was an old organized thrombus which measured 1.5 cm. in its widest ex- 
tent. There were mural thrombi at the base of the right ventricle and 
jilso on the left lateral wall and apex of the left ventricle. The left 
ventricle was gi-eatly dilated (Fig. 5). There was mild sclerosis of the 
coronary ai-teries. 

There were mild congestion and edema of the lungs. Many of the 
small arteries of the lower lobes contained emboli and thrombi. There 
were recent, small infarcts in the regions supplied by these vessels. 

The liver weighed 1,022 grams. Tlie surface was smooth, but the 
markings were greatly increased on the cut surface. The so-called nut- 
meg appearance was present. 

On the posterior wall and greater curvature of the stomach there 
were two superficial ulcers which had raised borders. The larger 
measured 4 by 1 cm., and the smaller, 2 by 1 cm. The jejunum and the 
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ileum were moderately congested. Tlierc Avere ntinmrous small hemor* 
rliages ill the colon, incasiiring Tvom O.f) to I.o cm. in diameter. Some 
of thc.se hemorrhagic regions >vere covered hy a |>seiidomembranons 
exudate. 

The right, kidney Aveighed 38*2 grams. The snvface was finely granu- 
lar. Tliere were one .small cortical adenoma and two .small .scars which 
measured approximately 0.7 ein. in diaiiuuer. The left kidney iveiglied 
105 gram.s and was not romarkalile, gro.ssiy. 



Fig. G.— rPatlcnt 2. Sosir of the inlcrvontrioular f^cplnm of tlio ])oart (liomato.vyltn and 

oosin X150). 


JJisiologic cx^tniindtion . — In sections of the mural thrombus in the 
right anriele there wei-e organization by fiiirolilasts and slight atrojiliy 
of the muscle fibers heneatli tiic thrombus. In tlie thrombi of the 
right and left • vent riele.s, also, organization liud oeeiirred, and there 
was ahso focal atrophy of tlic mnsele fibers. Sections of the interveii- 
fricular septum revealed moderate fatty metamorphosis in the muscle 
fibers and occasional foci of scarring (Fig. 6). In sections of the liver 
there Avas seATre chronic passive congestion, with atrophj^ and necrosis 
of the cells in the central portions of the lobules. 

Sections of the stomach rcA'caled recent ulcerations of the mucosa. 
There Avere dilated capillaries and venules, together Avith small hemor- 
rhages and thromboses in the base of the ulcers. 

There Avere foci of atrophy, occasional collections of lymphocytes, 
and chronic passive congestion in sections of the adrenal glands.' 

In sections of the kidneys there was evidence of moderate, chronic, 
passive congestion. There were also foci of tubular atrophj’, sometimes 
associated Avith hyalinized glomeruli (Fig. 7, a and h). Arteriolar 
sclerosis Avas mild. There Avas an old pyelonephritic scar in the right 
kidney. 

The folloAving anatomic diagnoses AA'^ere made; (1) hypertrophy of 
heart (485 grams) j (2) dilatation of left ventricle, nuth cardiac de- 
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comijen.sation ; (3) liydrotliorax (right, 700 c.c., left, 350 c.c.), ascites 
(200 C.C.), and subcutaneous edema of legs; (4) mural thrombi of right 
atu’icle and both ventricles; (5) organizing infarct of right lung, with 
chronic pleuritis; (6) chronic passive congestion of stomach, with re- 
cent ulcers; (7) chronic passive congestion and atrophy of liver; (8) 
multiple hemorrhages of cecum; and (9) mild fatty metamorphosis 
of the myocai’dium. 



FiK. 


7.— -I’atlent 2. Kidney, 
(hematoxylin and c-o.xin 


a. Chronic j«ii?;!lve conKCf-tlon : foci of tubular atrophy 
/■:>')). b. Same (hematoxylin and eof'In Xl-IO). 




Er.F.CTROGAKmOCtRArillC CHANGES IN UREMIA 829 


KEITH ET Al.. : 


Tlie duration of tlie oiironie inyocnvdial disease in tins ease was seven 
monthsj and that, of the matte or snbaento renal insitflieioncy, a fcAv 
weelcs. 

Case 3. — Tlic patient was a married woman, aaed 35 yeai-s, who first 
visited the IVIayo Clinic Anir. 4. 1942. Her family history failed to 
reveal any facts of im]tortanee with reirard to her present illness. The 
patient married at the a*^e of 19 yeans, and had two healthy children, 
a^red 14 and 12 year.s. There was no record of any serious illness in 
childhood or of untoward Hym]>toms durinir her prof^naneies. Her chief 
complaint was of irrcintlar vayinal blccdinp: wliich liad hcynii in Feh- 
ruary, 1942, six months before admission. On jthysical examination the 
patient, appeared in good condition except, for moderate anemia. She 
weighed 112^,4 pounds (51,0 kg.) and was 03 inches (160 cm.) in lioight. 
The heart .seemed normal, and tlie blood pre.ssnre was 120/80.^ On 
vaginal examination one conld .see and feel an infiltrating type of car- 
cinoma involving the cervix of the uterus, hhirther .study revealed 
secondary anemia; the hemoglohiu \vas 9.3 Cm. in 100 c.e., and the 
erythrocyte count. 3,500,000 ])cr enhic millimeter. The blood fioccnla- 
tion reaction for syphili.s was negative. The results of )-on1inc nrinaly.sis 
were normal, a.s wa.s liie i)lo()d urea (24 mg. in 100 c.e.). 

On August 17, Dr. Coniisollor peiTormed abdominal hy.st erect omy 
according to the AVertheim leeliniqne. and, from the tissues removed, 
the pathologist made a diagnosis of eareinoma of the eervix and 
meta.statie. involvement of tlie tissues near the lower ]iorlion of the loft 
ureter, Tlie i>atieut's ])osl operative eour.se was very .satisfactory. Suh- 
sequontly, radium and roentgen therapy were u.sed, and the patient, left 
for home on .September 16. 

Jiiicnm Jlisforif . — The patient felt well until the end of November. 
At tliat time njiusea and vomiting, oliguria, and general edema de- 
veloped. Actual anuria for .six days oecuri-cd late in December. As- 
cites became marked at tliis time. Fluid was admini.stered by vein, and 
soon the volume of ui'ine increased and the edema and other symptoms 
subsided. The patient remained fairly well foi* the next two months. 
Her reasons for i-eturning to the clinic Avere ])crsistent thinst, polyuria, 
general AATaknes.s. and edema of the ankles. 

Hecond Admission io the Mauo Clinic, March 17, 1013 . — Tlie patient 
AA'eiglied .101 pounds (45.9 kg.). She looked pale. Tliere AA-as no 
demonstrable edema. On liimannal palpation of the pelvis nothing 
abnormal Ava.s felt. The blood pre.ssnre AA^as 120/80. A roentgenogram 
of the thorax Avas reported as not shoAving any abnormality except some 
calcified deposits in the lympli nodes of tlie liila of the lungs. The pa- 
tient was oliserved in the hospital for a jicriod of seventeen day.s — from 
March 19 to April 4. Routine nrinaly.sis revealed a specific graAoty 
of 1.003 to 1.011, no reducing substances, but allmmin grade 1 to 2, and 
an occasional leucocyte in the sediment. The blood urea Avas increased 
to 172 mg., and the creatinine, to 6.0 mg. During the patieiiFs stay in 
the hospital the blood urea fell to 140 mg. (Table III) ; the volume of 
urine in tAventy-four hours increased from 1,600 to 3,000 c.c., and she 
felt distinctly better. Intravenous therapy included 5 and 10 per' 
cent solutions of glucose and Iaa^o transfusions of 250 c.c. of citrated 
Avhole blood. The patient Avas up and aljoiit in toAvn for the next nine 
days. She re-entered the hospital on April 13 because of nan, sea and 
A’omiting. 



Data on' Blood op Patient 3 
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Course in Hospifal April IS io June •./, Fifty-Three Days . — On ad- 
mission tlievc was no demonslTalilc edema. The patient’s weight was 
100 pounds (45.4 kg.). Tachycai’dia was present, and gallop rhythm 
was heard over tlie cardiac apex. Her lireath had a nrcmic odor and 
the blood nrca had increased to 218 mg, Opldhalmoscopie examination 
revealed anemic fundi, with two small hemorrhages in the left retina 
which were considered to be secondary to the general anemia. The 
.specific gravity of the urine varied from 1.002 to 1.010. The concentra- 
tion of protein in the urine was accurately estimated in three twenty- 
four-hour collections of urine and found to be 0.09 to 0.8 per cent. A 
rare liyaline ea.st and a. few to a. moderate number of leucocytes were 
observed in the urinary sediment. 

Tim volume of urine for tlic twenty-four-liour period, April 14 to 15. 
was 3,050 c.c. It. gradually decrea.sed to only 200 c.e. on April IS and 
19, but increased to 1,600 c.c. on April 23. On April 20 cystoscopic 
examination was done. Tim bladder and ureteral orifices appeared to be 
normal, but the ureteral catheter met definite resistance in Ijoth ureters 
at approximately 4 cm. from their vesical orifices. Passage of the' 
catheters beyond the obstructions was not attempted. On April 21 the 
first of a series of twelve electrocardiograms was taken, and the con- 
centration of scrum jmtassium was found to be increased to 7.0 milli- 
equivalents in 1.000 c.c. 

Taw.c IV 


PlSTOIRUTIOX OF ELKCTKOIVTF.S IX Bl-OOI) Pl.ASM.V AXl) SF.RU.M OF PaTIEXT 3^ 


BASE I 

I ACIP 


MG. IX 

300 C.C. 

.MEQ. IX 
1,000 C.C. 


MG. IN 

100 C.C. 


Sodium 

2G2.0 

114.0 

Chlorides 

- 300.0 

86.3 

Potassium 

,36.S 

9.4 

Bicarbonate 

32.0 f 

13.5 

Calcium 

9.5 

4.7 

Phosphates 

12.5 

7.3 


! 


Sulfates 

IG.O 

3.3 




Protein 

6.1 1 

14.8 

Total meq. 

128.15 1 

i ! 

125.2 


*Bloocl ■wltlic'lrawn C/4/43 at 10:00 a.m., 10:55 a.m., and 2:55 p.ji. 

Estimations made in oxalated Mood plasma — chlorides, bicarbonate. 

Estimations made in blood .serum — sodium, potassium, calcium, phosphates, sul- 
fates, proteins. 

tBlood Avithdrawn (oxalated) under oil, carbon dioxide content, volumes in 
100 c.c. Plasma pH 7.35 estimated by glass electrode by Dr. Power. 

JProtcin concentration estimated Gm. in 100 yc. serum. Base meq. per liter bound 
by protein r= 0.243 times Gm. protein per liter.-’ 

§Magnesium was not estimated. Usual concentration among similar patients witli 
\iremia 2 to 3 meq. 

\Vith the rise in the volume of urine to 1,600 c.c. on April 23, diuresis 
began, and, on the following days, the volume rose to 1,775 and 2,750 
c.c. This diuresis was accompanied l)y loss of weight, diminishing 
edema, imiirovement of the patient’s well-being, and a fall of the con- 
centration of urea; creatinine, and potassium in the bloody the potas- 
sium decreased to a normal concentration of 5.2 milliequivalents in. 
1,000 c.c. (Table III). The liigli fluid intake during this period in- 
cluded intravenous in.ieetions of solutions of 5, 10, and 20 per cent 
glucose, 5 per cent sodium bicarbonate, 0.9 per cent sodium, chloride, and 
50 per cent sorbitol. Tlieopliylline with ethylenediamine was often 
added to these solutions in amounts of 0.25 to 0.5 Gm. 

On May 1, thrombophlebitis developed in the left femoral vein. From 
May 15 to June 4/ when the patient died, she grew progressively worse. 
There were a gradual increase of -edema and a corresponding gain of 
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weight to 117 pounds (53,1 kg.). Nausea and vomiting became very 
troiTi)lesome. Renal in.suffieiency steadily increased as oliguria de- 
veloped. On Slay 12, mild pulmonarj' edema oecuiTcd and gallop 
rhythm was pre.sent. On ^lay 18 the blood pressure was 210/120. On 
llav 18 and IMav 20 commlsive seizures developed. The blood pressure 
on iSIay 20 was found to be 220/115. The concentration of. potassium 
in the blood seram on May 31 had inerea.sod to 8.2 milliequivalenls in 
1,000 C.C., and continued to increase to 9.4 milliequivalents on June 3 
and June 4 (Table III). On these two latter days the electrocardio- 
grams revealed partial auriculoventricular block and intraventricular 
block (Fig. 8), Changes in the concentration of other electrolytes in the 
l)lood at this time are also of interest (Table IV). During the nioi-ning 
of June 4 the patient was drow.sy and complained of a great deal of 
nausea. TJie blood urea and creatinine had risen to 291 and 21 mg. 
per 100 e.c., respectively. At 11:55 p . m . the patient died. 
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J lie cluneal diagnosis in this ca.se was bilateral, chronic hydronepbro- 
.sis and pyeJonephnfLs, secondaiy to bilalera! ureteral obstniction due 
to metastjitjc carcinoma, renal insuffieien'ey, uremia, hvperten.sion, myo- 
cartlial failure, and Jett ileofemoral Ihrombopblebitis, 

^ccropaif.—Tkeve was moderate subcutaneous edema tvhicb extended 
d*piialaa ns far as tiic* breasts. Thr* loft anrl thijjh M'ero poticeaWy 
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larger tliaii the right. The i>eritoneal cavity eoiitained approxiaialely 
1,500 e.e., and each ot: the ple.uval cavities contained approximately 1,000 
(5.C., ot clear yellow ihiid. In the left ]>leiH‘al cavity tliere wore old 
fibrous adhesions .situated laterally, anteriorly, and on the diaidirag- 
matic surface. The transvci’se diameter of the ])crieardinm was 15 cm., 
and the pericardial sac contained ai^in-oximately 150 c.t*. of clear yellow 
fiiiid. 

The heart weighed 465 grams, as compared with an estimated nor- 
mal of 250 grams, hnt was not otherwise romarkai)le. (-oronary sclerosis 
was mild, grade 1. 

There was a re(*ent infanM 2 cm. in diamoler in tlie n})i)cr lobe of the 
right lung. The Inngs were not remarkalde. otiierwise. 

The gall bladder contained apin-oximately 15 e.c. of dark hro>vn Ijile. 
The nnicoiis memliivmc appeared normal. Tlun’c wore fonr iiiujuhiv, 
shiny, black stones. ap]n-oximatcly 3 mm. in diameter, in the cystic 
duct, and oiu; in the gall bladder. 

The .stomach contained ai>j'>roximatoly 50 e.e. of clotted blood. There 
were moderate edema and c(mgOKtion of the mneous membrane. 


An irregular, firm mass, whicli measured 2.5 by 1.5 by 1 cm., .sur- 
rounded and constricted the right nretor at a point 3 em. <*ej)ha1ad to 
the ureteral orifice of the }))addt‘r. There wa.s a similar mnsst 3 em. in 
diameter around the left ureter at a ]ioint 2 cm. eetfiinlad to tlie ni'eteral 
orifice. The ureters above the ob.strucling lesions and Die pelves and 
ealiees of l)Oth kidneys were modoi-ately dilated (Fig. 9). Aside from 
the. hydronephrosis, liie kidneys were not grossly rcmarkaljlc. The laglit, 
kidney weighed 174 gr.ams. and the left kidney, 140 g]*ams. 

Tlic niiper iKU'tion of the left femoral vein was compre.ssed by a small 
inas.s of finn while ti.ssuo. A firm gray thrombus OL*cluded the left iVm- 


oral and iliac veins in this region. 

Hifftologic Examhuiiion . — Sections of the intervenlrieiilai- .septum of 
the heart were normal for live most part. Rarely, small focal regions 
of atrophj' and fihro.sis could be observed (hhg. 10), 

Sections from tiie region of increased consist cney in the np])e]' lobe 
of the right lung revealed an infai-el which was undergoing organiza- 
tion at the edges. There were dei) 0 .sits of caleiinn in t]}e alveolar .septa 
and in the smaller vessels at the edge of the infaret. In sections of the 


liver there was moderate chi'onie i>a.ssive congestion, with atrophy of the 
cells in the region of the central veins. Tliere was mild chronic passive 
eongeslion in the adrenal glands. 

In sections of the right nretor there were nests of siiuamous carcinoma 
cells throughout the wall, as well as in the connective tissue .surround- 
ing tliis structure. The neoplasm had grown into the submucosa and 
mucosa, of the ureter, and, althougli a lumen was still ])resent, it was 
definitely compromised (Fig. 11). The sections of tlic left ureter re- 
vealed a similar appearance. 

In the sections of the right kidney tliere were moderate dilatation and 
atrophy of all tubule.s, togethei- with an increase of interstitial con- 
nective tissue. Focal collections of lymiihocytes and occasional accumu- 
lations of poljTUOrplionuelear cells were olxserved (Fig. 12, a- and b). 
There was dilatation of Bowman's capsule, hut the glomerular tufts 
appeared normal. The left kidney was .similar in appearance. There 
Avas mild arteriolosclerosis in both kidneys. 

Sections of the left femoral vein revealed invasion of tlie wall bv 
squamous-cell carcinoma, A partially organized and canalized thrombus 
occluded the lumen. 




Fig. S. Obstruction of ureterB by carcinoma, with uretcrectasis, hytlro' 

nophro.sl.s, and mild chronic pyelonephnti.s. 



Fig. 10. — Pall'.-nt 3. Interventricular septum; normal myocardium t hematoxylin and 

c&.«in X150). 


KEi'rit lyi' AL 


EhECTKOCAKDlOGKAPniO OltAXGE.S LV UREMIA 


m 


TJie following- ;niatoniie diagnoses were made; (1) ancient (Ang. Jl, 
1942) alidoiniiial Wertheiin hysterectomy for sqnamons-cell carcinoma 
of the cervix; (2) recurrent carcinoma, with obstruction of both ureters; 
(3) bilateral hydronephrosis and chronic, pyelonephritis, witli atrophy 
of kidneys; (4) molastatic cai-einoma. of left femoral vein, with or- 
ganized thrombus; (5) organizing infarct of riglit lung; (G) bilateral 
hydrothorax (1.000 e.e. each), ascites (3,500 c.c.), and subcutaneous 
edema; (7) hy]>ertropliy of lieart. (465 grams) (liypertension) ; and 
(8) gastrie hemorrhage (50 c.c.). . 

ASb/mamrg of Uoial JnsiiJJidcncij . — ^ASymptoms of renal dysfunction 
began approximately ten montlis after cancer of the cervix was sas- 
peelcd and three and a half months after hy.slerectomy. kour periods 
of severe renal jnsnfiicicncy dcvelo]wd hetwiam December, 3942, and 
June, 3943, TemiK)rary im])TOvemeiit of renal fiineiion occurred after 
three of these ])eriods. Death occurred when the ])alient Imd uremia, 
six months after the onset of symptoms due to i-eiial insufficiency. 



Pig-. 11. — ^Patient 3. Squamous-cell carcinoma in ■wall of the right ureter (hema- 
toxylin ami eosin X150). 


OHSEKVATIOXS 

'Clinical and Pathologic Observation.s . — Severe uremia and oliguria 
were present, in each of the eases wJien potassium intoxication was sus- 
pected. In Gases 1 and 3 the renal insnfficienci^ and uremia were 
chronic, whereas, in Case 2, severe renal impairment and uremia were 
acute and present for only a week. Hypertension was noted in two of 
the eases, but was absent in Case 2 during the period of observation. 
The concentration of hemoglobin in the blood varied considerably in 
these cases — from normal to that of severe anemia. The cause and t 3 '-pe 
of renal patkologic change were distiiictlj' different in each case. The 
primaiy renal lesions were chronic glomerulonephritis in Case 1, chronic 
hydronephrosis and pyelonephritis secondary to ureteral obstruction 
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in Case 3, and chronic passive congestion secondary to myocardial fail- 
ure in Case 2. 

Onr experience in Case 2 seemed unusual. However, Seholtz,^ in 
1932, reported an increased concentration of potassium in the serum 
of three patients, and commented on the absence of a renal pathologic 
I)roeess other than passive congestion. By waters* recently observed 
similar changes in the blood and electrocardiograms of patients .suffer- 
ing from acute renal insuffieicnej' and uremia due to crush in.iuries of 
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the extremities. Therefore, it seems evident tinit llie eorabiiiatioii of 
uremia, iiicreasecl scrum jiolnssium, and clmraetoristically abnormal 
eiectrocardiograms occurs among ]>ationls suffering from lioth acute 
and chronic uremia. Jlypert.ropliy of tlie heart and myocardial failure 
yere present in all three cases before the uiafhed increase of soruni 
potassium and elect rocardiographic alterations occurred. Howeyer. 
significant histopathologic lesions in the myocardium were found only 
in Case 2 (Pig. 6). The abseiiee of distinct disease of the coronaiw 
arteries in thc.se eases is worthy of comment. The presence of peri- 
carditis in Case 1 and its absence in Gases 2 and 3 arc also of ini crest. 


Chetniail Sfuflic.s of ihc Blood. — Sei'ions renal dysfunction mtis evi- 
dent in the three cases at the period wlien tlic concentration of potas- 
sium in the blood serum Avas A^cry high (S.7 to lO.b millicqnivalents in 
1,000 e.c.), and changes liad occurred in the electrocardiogram. These in- 
creased concentrations of potassium in the .scrum of our ])atients closely 
apjiroximatc the highest values reported in the serum of uremic pii- 
tients.® Tlie highest conceutration noted in the lilecature Avas 11.6 milli- 
efpuAuilenls.'' Evidence of renal insufticiency Avas best indicated by 
marked retention of urea nud creatiuiue in the Idood stream; the con- 
centration of urea iuercased to 246 to 392 mg. and that of creatiuiue 
to 6.S to 22 mg. in 100 c.c. of blood. This degree of uremia presented 
an imijortant, but complex, chemical problem. S])ecial consideration 
Avas giA'cn to changes that occurred in the (roucentration of indiAudual 
electrolytes and the acid-base equilibrium in plasma or serum. As- 
sociated Avith tlie marked and sustained increase in the concentration of 
potassium in the sermn of these lAatients were an increase of sulfates 
and a slight to niodoi-ate decrease of the carbon dioxide combining 
})OAver. The latter Avns indicative of acidosis, a common feature, of 
uremia. 

The concentrations of seA'cral lipoid constituents and a majority of the 
electrolytes AA^ere a.seertained in Case 3 during the last day of the 
patient’s illness, June 4. The concentration of the lipoid constituents 
Avas normal. The concentrations of potassium, sulfate, and phosphate 
Avere greatly increased; those of sodium, eliloride and bicarbonate, Avere 
distmctly decreased, Tlie concentrations of calcium and protein AA'^ere 
normal. It is of interest that, Avith these definite quantitative alterations 
of both basic and acid components, the hydrogen ion concentration, or 
liH, of the plasma Avas Avithin the normal range.-"’ This nicety of balance 
lietAA-eeii acid and basic radicles is also i-evealed by the relatively close 
approximation of the total milliequiA'alents of each. These Amines, 125 
to 130 milliequivalents, are considerably loA\mr than those observed 
among normal pereons and in many cases of nephritis (Table IV). In 
1928, SalAmseid® reported similar Ioav values for total base and total 
acid in a case of chronic glomerulonephritis diu'ing the terminal stage 
of uremia. In computing the total base in the serum of Patient 3, the 

*AA''e are referrins: to estimations of the concentration of potassium in tlie blood 
serum of uremic patients marie since the introduction of a sati.sfactory micromethod. 
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amount of potassium relative to that of sodium is small. This indicates 
that the toxic action of the increased amount of potassium in the serum 
and tissue cells is not simply due to an increase of base per se. 

The fluctuations of the concentration of potas.sium in the blood serum 
of Patient 3, during her stay of six Aveeks in the hospital, are interest- 
ing. The decrease from 6.8 milliequivalents on Api-il 20 to 5.2 milli- 
equivalents; a normal concentration, on April 30, was a.ssoeiated with 
improvement of renal function. Similar observations were made in a sin- 
gle case among a previous series of eases in Avhich there ivas uremia.’’ ” 
Later, in Case 3, the concentration of potassium increased to 7.8 milli- 
cquivalents (May 12), This inex’ea.se Avas apparentlj^ temporaiy, for 
the concentration fell in three days to 5.9 milliequiA’alents, In contrast 
to these earlier fluctuations of the seram potassium there Avas a pro- 
gressiA’c rise from 6.7 to 9.4 milliequiA’alents dining the terminal phase, 
from May 22 to June 4 (Fig. 13). 

Elecirocardiographic Ohservaiions. — ^It has been noted by us and 
others*''- that increased serum Ica’cIs of potassium are associated 
with rather characteristic electrocardiographic changes. Among nor- 
mal persons, induced, mild lyperpota.ssemia causes increased height of 
the T Avaves- and the degi'ee of increase of serum potassium correlates 
AA’ell AA’itli the increase in height of the T Avave. Frequently this change 
becomes quite distinctive, in that the base of the T avra'c becomes nar- 
iwer than normal and the apex sharp or “peaked.” With greater 
and more sustained increases of .serum potassium, as avc ha\’e obseived 
in our three cases of scA’cre renal imsufficiency, partial auriculoA'cntricu- 
lar block and intraventricular block may develop. The exact locus of 
the intraA'cntricular block is unknoAvui to us, and avc feel that it AA’ould 
be AATong and misleading categorically to place it in the main bundle 
branches. 

In regard to Case 1 it Avill lie noted that pericarditis deA'cloped, and 
it is well knoAvn that this condition can alter the electrocardiogram 
greatly,”’’ In this connection it is of interest that we have obsei'A’cd 
in a ease of uremia and pericarditis an electrocardiogram that Av-as 
typical of pericarditis when the concentration of serum potassium Avas 
4,6 to 5.3 milliequiA’alents. The only electrocardiographic change that 
might be related readily to pericarditis in Case 1 was the high, sharp 
T AA'aves, AA'ith the elcA’ated S-T .segment, in the chest lead of Oct. 7, 
1939. In the electrocardiogram of October 9 the tendency of the T 
AA'av’c to maintain its narroAv base is to be noted, as well as the great 
similarity of the tracings to tho.se of dogs poisoned by potassium 
(I'ig. 1), The* absence of the P acoa'cs AA’^ith the maintenance of a regu- 
lar rhythm could be associated AA'ith either auricular sland.still or nodal 
rhAdlim AA’ith the P aa-ja’c hidden in the QPS complex. 

The recoifls in the second ca.se are not as extensive as in the others, 
but the sequence of defects of conduction Avhich dcA'cloped in the pres- 
ence of a high senim potassium is olndous (Fig. 4). 
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Tiie clinical and laboratory data are most extensive in the third case, 
jind the records are complete over a period of six weeks. It is interest- 
ing that the electrocardiograms at first showed developing negativity 
of the T waves, and it is Ijclieved that this niay indicate a change to- 
ward the patient's usual electrocardiographic j.>attern, rather than the 
reverse. Dining tin's period the serum potas.sium had decreased. The 
electrocardiograms next siiowed an increase of the voltage of the T 
waves (Fig. 8), and, concomitantly, the sernm potassium increased. 
Later the electrocardiograms shoAved the .same defects of conduction 
as in the other t wo eases. 



Pig. 13. — Patient 3. Fluctuations o£ certain constituents of tlie blood, volumes 
of urine collected in Uventy-four hours, and dates when electrocardiograms were 
taken during obser\'ation In hospital from April 19 to June 4, 1943. Note decrease 
of -blood urea, blood creatinine and serum potassium from April 23 to Api'il 30, and 
concomitant rise of urinary volume; a steady pi’ogi'essive increase of urea, creatinine, 
and potassium in the blood from May 16 to June 4. 


Premature beats, probabty of i^'entrieiilar origin, ivere observed in 
Cases 1 and 2, but not in Case 3. Digitalis was not given to Patient 1, 
a few small doses were given to Patient 2, and none v^as given to Pa- 
tient 3 during' the last sixteen days of her life. No potassium salts 
were administered to Patients 1 and 3, 
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The final estimation of the concentration of potnssium in the blood 
serum of these patients varied between 8.8 and 10.5 milliequivalents. 
'WTien. in Cases 1 and 3, the final electrocardiograms and estimations 
of sei-um pota.ssium -were made, nineteen and thirteen hours before 
death, respectively, intraventricular block was the striking feature. 
Pinch and IMarchand^® observed similar changes in the electrocardio- 
gram in a case of uremia when tlie concentration of pota.ssium in the 
serum was 8.8 milliequivalents. Such changes occurred in the electro- 
cardiograms of both dogs and cats which were given toxic doses of a 
salt of potassium, at a somewhat higher concentration of serum potas- 
sium. In the dog the range was 9.4 to 12, and, in the cat, 7.9 to 14.1 
milliequivalents. 

It has been demonstrated in both dogs and cats to which large doses 
of potassium salts have been given that, when intraventricular block 
has developed, recoveiy of the heart may occur.-* •* Such a recovery was 
observed by Shai-pey-SehafeP'-' in a ea.se of aortic steno.sis in which the 
I)aticnt ingested 15 to 20 Gm. of polas.sium salts. Ninety minutes later 
the concentration of pota.ssium in the .serum increased to 9.2 milli- 
equivalents, and intraventricular block was evident in the electro- 
cardiogram. We observed a similar course of events after giving 5 Om. 
of pota.ssium bicarbonate to a patient who had chronic nephritis and 
uremia.^'’ The serum potassium of this patient increased in ninety min- 
utes to 9.5 milliequivalents, and earlj' intraventricular block was pre.sent 
in the eleetroeardiogi-am. Neither in this case nor in that of Sharpey- 
Hchafer did any untoward .sjauptoms develop, and the widening of the 
QRS interval subsequently di.sappeared. Therefore, in the expcn'mental 
animal and among patients, intraventricular block associated with potas- 
sium intoxication is not necessarily an irreversible reaction. However, it 
should be emphasized that, when recoveiy from the intraventricular 
!)lock occurred, the potassium toxemia was temporary, i.e., a matter 
of a few hours, whereas, in our cases, it was su.stained for many hours. 
Bywater.s*' stated that he gave .solutions containing in.sulin and gluco.se 
to a patient who had such an eleetrocardiogi'am and a high concentra- 
tion of serum pota.ssium with beneficial results. In his case severe renal 
in.sufficieney had developed after a crush injury to the extremities. 

A cntricular fibrillation and death occuiTed in animals .subjected to 
marked pota.ssium toxemia.-'^ 1 he,so events occurred later in .sequence 
than intraventricular block, and when the concentration of potas.sium 
in the blood .serum was higher — 14.7 to 15.8 milliequivalents in the dog 
and 14.2 to 28.1 milliequivalents in the cat. If death in our cases wa.s 
due to potassium toxemia, one might snspect that a further ri-se of senun 
potas.sium and ventricular fibrillation occui'red subsequent to oui’ final 
observations. This period was nineteen boms in Case 1 and thirteen 
houre in Case 3. Finch and iMarchaiub’ in their Case 1 reported 10.5 
inilliecjuivalents ot j)ota.ss'iu!n in the .serum when ventricular fibrillation 
and .stamlstill occurred. 
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The duration of electric systole was disproportionately slightly pro- 
longed in all t hree cases. In the first ease, the Bazelt the systolic index 
(QT/Vcycic) varied between 0.40 and 0.44 until the last tracing, when 
it reached 0.52, which is high. In the second case the systolic index 
in the first tracing was 0.3S, and, in the last tracing, it was 0.43. In 
the third ca.se the systolic index at the beginning was 0.41. It .stayed 
at about this value for three weths, then decreased to 0.37 for two 
traeingvS, and finally returned to a figure of 0.42 in the tracings taken 
during the last, two days. In this case, in which we have nine electro- 
cardiograms with simultaneous determinations of serum potassium 
(Tabic Y), there was no direct, correlation between the systolic index 
and serum i30ta.ssium level. With certain une.xplained exceptions there 
was a good correlation between the height of, the T wave (IVIl) and the 
height of the scrum potassium (Table Y, b^ig. 8), a correlation which 
has been mentioned previously. 

Taiua: V 
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CO.MAIENT 

For the last hundred years toxicologists-" have known that potassium 
salts, when injected rapidly into the vein of an experimental animal, 
induce cardiac standstill and death. Since 1938 the subject has been 
reinvestigated in both the dog and the cat. The results of numerous ex- 
])eriments reveal contemporaneous changes in the blood and electro- 
(;ardiogram.2> ^ These alterations are a steady, abnormal increase of 
the concentration of potassium in the blood serum, and a regular se- 
quence of changes in the electrocardiograms until death from cardiac 
failure occurs, A similar sequence of events has been observed, also, in 
experimentally produced uremia.^ Fortunately, cases of fatal poisoning 
of human beings after the ingestion or injection of potassium salts have 
been notably few. In a single instance the concentration of potassium 
in serum was ascertained and electrocardiographic studies were carried 
out.^® . . 

As mentioned in a previous section, Sharjiey-Scliafer and one of us 
(N. M. have observed among patients after the ingestion of potas- 
sium salts the temporai\Y production of intraventricular block and hy- 
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perpotassemia. These observations indicate that this stage of inti’a- 
^'entricular block, produced by potassium toxemia, can be reversible 
when the toxemia itself is ternporaiy and revei-sible. In one case of 
severe uremia in which the patient did not receive potassium salts, we re- 
ported in an earlier paper’ a sustained, great increase of seiaim potassium 
and intraventricular block. Bywaters® had a similar experience. Such 
events were noted also in Case 3 of this .series thirty-six hour.s before 
death. We think that ojie may therefore surmise, especially if one re- 
membeiTs what occurs in experimental uremia and in the .single case 
reported by Finch and Marchand,’® that the 7 )eriod when intraventricular 
block was evident in our cases was a .stage in the sequence before terminal 
ventricular fibrillation and cardiac death oeeuri'ed. Further studies 
nearer the time of death should reveal deei.sive evidence on this point. 

There are several possible reason.s why in our three eases the concen- 
tration of potassium in the blood senim did not reach as high a level as 
reported in the dog and the cat : (1) the po.ssibility that the hlood speci- 
men may not have been drawn near enough to the time of death; (2) 
definite previous dysfunction of the myocardium, indicating a possibly 
dimini.shed tolerance of that organ to potassium; (3) the possibility 
that, among patients who have uremia, the concentration of pota.ssium 
in the serum never inereftses to the .same height as it does in animals; 
for example, a .species difference; (4) pre.sence of acido.sis in the blood; 
Ibis was never severe among our patients; (5) changes in the concentra- 
don of other electrolytes in the blood serum; for example, increases of 
sulfate and phosphate, decreases of ehlonde and sodium; (6) a low 
concentration of calcium in the .seiurn, suggested by Winkler and his 
co-workem^’ and by Wood and this possibility was excluded, at 

least in Case 3, for the serum calcium was within the noi-mal range; 
and (7) an increase of toxic nitrogenous metabolites other than the 
known nitrogenous compounds, such as urea, creatinine, or uric acid. 

e believe that thcj-e is rnucli circum.stantial evidence to support the 
thesis that the cardiac deaths in our cases were due to pota.ssium tox- 
emia. If subsc-quent observations confirm such a thesis, it .seems clear 
that the excessive concentration of j)ota.ssium leads to an abnoimal 
functional disturbance rather than to visible pathologic alterations in 
the heart. Thus we should have a good example of a disturbance of 
electrolyte balance leading to a fatal upset of cellular metabolism.' 


.si;m.marv 


Serial observations were made in three eases in which severe renal 
insufficiency and uremia developed. The study included clinical, bio- 
chemical, electrocardiographic, and pathologic observations. Consistent 
oltservations were a marked increase of the concentration of pota.ssium 
in the blood serum and the development of an intraventricular coiiduc- 
tjon defect .shortly before death from etirdiac failure. These results 
suppott the thesis that death in these cases was due to potassium 
intoxication. 
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.METHODS OF CHEMICAL AXATiVSIS l-LMFLOYED IN THE PRlvSlCXT RTUDA' 

Whole Bwon 


Jle.mnnlohin. — Sanford, A, H., Rheard, Oharlfs and Ostorharis, A. E.: The 
Pliololoineter and' Its Use in the Olinieul f-aborni<>ry, Atw. J. GUn. Path, 3; 
400, 1033. 

Un-a.—Vnii Rlvkc, D. T>., and Cullen, G. E.: A Perinnnem Preparation of Urease, 
and Its Use in the Uctermination of Urea, .U TVuil, Chein. 19*. 233, 1034. 
Offlffninr. — Folin, O.: Laboratory Alanual of Biologk Chemistry, Ed, 3, Uew 
York. 31*22. 3>. Appleton and Company, pp, 340, 2}5, and 247. 


Peas.ma 

ChhruU. — 0.‘=ter3ier^. 3C., and Ridnnidt, V.. V,: I’lstimation of Plasma Chloride.-^, 

.T. Lab. & Clin. Aled. 13: 172, 3027. 

Corhon Dioxidc-Cominnhxfi Ponur. — Van Rlyke, I). U., and Cullen, G. 3^, : Btndic.s 
of Acidosis: 1. The Bicarbonate Concentration of the Blood Plasma; Its 
Rignifjcance, and Ii.« Determination a.s a Measure of Acido.sis. .T, Biol. Olteni. 
30: 2.S0, 3037, 

Cholf-sicrol. — Bloor, W, K.: 'J’hc Determination of Cholesterol in the Blood, .1, Biol. 
Chem. 24: 227. 3010. 

Cholcfitcrol J-'itterf!. — Bloor, W. IL, and Knudson. Arihnr: The Separate Dotermijia- 
tiou of Cholesterol and Cholcslorol Esters in Small Amounts of Blood, L 
Biol, Chem. 27: 307, 301 G. 

Lecithin. — Youngburty, G. E,, and Youngbnrg, Mnniio Y.: Phosphorus iNrctabolisni: 
I, A Rvstem of Blood I’hosphonis Anulv.si.e, .T. Lab. &■ CHn. Med. 16: 358, 
3930. Modified by Maclny, E.: 3037. 

Fnifxi Jcidf!. — Bloor, W. 3L; 3’hc Determination of Small Amounts of TApid in 
Blood Plasma, L Biol. Chem. 77; 53, 102S. 

Sr.JiuM 

7'o/(d Pi-otcin.^. — Macro-Kjolduhl technique of ositimation of total nitrogen and total 
protein calculated after subtracting nonprotein nitrogen as e.stiinatod by the 
micro-K.ieldalil method. 

Albumin and Glohidin Fractions. — Hou'o, I’. E.; I'lie Determination of Proteiins in 
Blood — a Micro Method, .T. Biol. Ciiem. 49: 109, 3921. 

lUng.dcy. G. K.: A llapid Method for .Separation of Scrum Albumin and 
Globulin,' .T. Biol. Ciioin. 133; 731, 1940, 

Potasshem. — ICramcr, B., .and Tisdall, F. F.: Clinical Method for Quantitative 
Determination of Potas.«iujn in Small Amounts of Serum, ,T. Biol. Chem. 
46: 339, 3921. 

3’his method in our hands has checked with gravimetric procedures. The 
precipitation In' .‘•odium cobalt initrite nas .allowed to proceed for forty-five 
minutes at ice box temperature in order to obtain a good, granular precii^kate. 
If this and other stops are rigorously adhered to, the method is satisfactory. 
Hodinm. — Ivramer, Benjamin, and Gittleman, I.: An lodoineLric Method for the 
Determination of Sodium in Small Amounts of Serum, .1. Biol. Chem. 62: 353, 
1924. 

Calrhim. — Clark, 33, P., and Collip, .1. 13.: A Study of the Tisdall Alethod for the 
Determination of Blood Serum Calcium IVith a Suggested Modification, ,T. 
Biol. Chem. 63: 461, 1925. 

Pho.sphonts. — Kuttner, Tlieodore, and Lichtenstein, Louis: Micro Colorimetric 
Studies: IT. Estimation, of PJio.sphoru.^: Molybdic Acid-Stannous Chloride 
Reagent, .1. Biol. Chem. 86: 671, 3930. 

Sulfate. — ^I.’ower, Af. H., and IVakefield, 33. G.: A A'olumetric Benzidine Alethod for 
the Determination of Inorganic and Etlieroal Sulfate in Serum, .1. Biol. Chem. 
123: 665, 3938. 

Urixe 

Total Isitrogen. — Kjeldahl, ,T. : Neue Alethodc zur Bestiinmung dcs Stickstoffs in 
^ organischen Korpern, Ztschr, f, anal. Cliera. 22: 30(5, 1883. 

Urea and Sulfate. — Same methods as for estimation in whole blood or serum. 

Total Proteins . — ^Alacro-Kjeldahl method for e.stimation. of total nitrogen. Estima- 
tion. of nqnproteia nitrogen by raacro-Kjcldahl method after precipitating the 
protein by Folin 's tungstic acid reagent method. Total proteins calculated 
after subtracting the nonprotein nitrogen from the total nitrogen and 
multiplying by 6.25, 
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CONTINUOUS INTRAVENOUS AD]\II.NISTRATION OF HISl’A- 
mNE: EFFECT ON TIffi ELECTROCARDIOGRA]\i: 

AND SERUI^t P0TASSIII:M 

Gustavus a. Petkrs, M.D., and Bayard T. Horton, ^iLD.f 

Rochester, jMinn. 


T he effect of tiist.amiDe on the clcctrocardiogrnin has not l)een studied 
exteiisivcb' in man. Because of the increasing clinical use of hista-. 
mine, further investigation along these lines appears justified and neces- 
sary in order to ascertain any heretofore unobserved toxic or permanent, 
effects on the heart. 

Schenk* u-as probably the first to study the electrocardiographic 
changes produced by histamine. He noted frequent ventricular exti-a- 
systoles and marked arrhythmia after large doses of hi.stamine given 
subcutaneously in man. 

Massione and Picchio" studied elect rocardiographically the effects of 
administering 1 mg. of histamine intramuscularly to nine human sub- 
jects. For this they emjiloyed the irsual three standard leads. They 
noted an increase in cardiac rate, a decrease in both auricular and ven- 
tricular systoles, and an increase in conduction time. They pointed 
out that histamine should be given only to persons with healthy hearts, 
for in two cases of myocarditis a distinct increase in auficuloventricu- 
lar block was seen. 


In 1929, Weiss, Robb, and BlumgarU used liistainine as an agent for 
measuring the velocity of blood flow, and noted temporary inversion of 
the T wave in Lead II foj- some twenty to sixty seconds in a. number of 
their subjects. Later, Wei.ss, Robb, and Ellis* studied the effect of both 
a single injection and continuous intravenous administration of his- 
tamine on liCad II of tlie electrocardiograms of fifteen persons who had 
nonnal cardiovascular systems. Those who were given a single intra- 
venous injection showed progressive dey)ression of the T wave and simul- 
taneous acceleration of the heart rate. Witli return of the normal 
cardiac rate, the T wave assumed its original shape. The authors in- 
terpreted these changes as produced by the action of histamine on the 
coronary vessels or on the cardiac musculature. They reported that 
doses as small as 0.004 mg. per minute inay cause a depression of all 
the complexes of the normal electrocardiogram, but that the effect is 
most marked on the T wave. With an increase in the dose, the degree of 
depression wms increased until the T wave became inverted. The inver- 
sion of the T wmve disappeared as the rate returned to normal, “sug- 
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gesting that tlie increase of rate was the result of histamine on the 
coronaiy vessels.” 

Since comparatively little is knowm coneeruing tlic effect of histamine 
on the electrocardiogram, for only one other group of investigators 
CWeiss, Eobb, and Bllis^) have studied the effect of intravenous admin- 
i.stration on the electroeardiogi-am, and thej' used only Lead IT, it was 
considered worth while to observe further the effect of this substance on 
all three standard leads and two preeordial leads. Also, since the 
amplitude of the T wave is known to be influenced by abnormal levels 
of potassium, as has been observed in Addison ’s disease and in familial 
periodic paraly.sis, this .study includes the effect of hisl amine on the 
serum jjofassium. 

imOCEDURK 

Eleeti'oe 5 ai-diogi'ams were made on tivenly-five persons before, in the 
course of, and after the intravenous injection of histamine. These per- 
.sons were in the horizontal position and in a fasting state. Seven of the 
twenty-five persons were women and eighteen were men. The ages of 
the women ranged from 21 to 59 yeans, with an average age of 35 years, 
and the ages of the men ranged from 23 lo C6 years, with an averag<' 
age of 45 years. Although these patients cannot be considered entirely 
normal, none was knowii to have any significant cardiac symptoms or 
disease, and each had had a thorough physical examination before treat- 
ment with histamine. The diagno.scs in Ihcse cases included Meniere’s 
syndrome, multiple .sclero.sis, headaches, arteriovenous /{.sdula, tinnitus, 
postural vertigo, torticollis, angioneurotic edema of the hands, p.syeho- 
neuro.sis, and Parkinson’s disease. In eight cases the tliree standard 
leads were emx)loyed; in seventeen, two additional leads, namely, Leads 
CR, and IVR, were used. Patients who were to receive hi.stamine were 
allowed to rest for approximately fifteen minutes befoix* the preliminary 
electrocardiograms were made. 

One per cent solution of procaine hj'drochloridc was used subcu- 
taneou.sly over the site of venous puncture to allay pain and appre- 
heiLsion and to prevenl. as much as po.ssible, acceleration of the heart 
during venous puncture. Continuous intravenous injection of histamine 
was then .started; the rate was slow at first, and then was increased 
gradually by various increments. In mo.st cases the rate was doubled at 
each increment. A set of three or four eleetroeai'diograms was made 
after each increnient. The .solution contained 2.75 mg, of histamine 
diphosphate in 250 c.c. of physiologic salt solution. The rates at which 
it was injected were increased from 0.0017 to 0.044 mg. of histamine 
base per minute. The 2.75 mg. of histamine diphosphate contains 1 
ing. of histamine base. The rates of admini.stration of hi.slainine in this 
paper are girai in terms of histamine base. Nearly all of the patients 
v.'ere given 2-50 c.c. oi Ihe .solution containing histamine. Immediately 
after completion of the intravenous injectioJi, a final .set of electro- 
cardiograms was made. ^ Occasionally another set of ti-acings was taken 
fifteen minutes later. From six to nine .sets: of electrocardiograms, eon- 
-sisting of three or four leads each, were made in each ra.-^e. About five 
to ten minutes intervened between tracings. 

For control, in three of the twenty-five cases further studies were 
carried out. Elect r-ocardioirram.s were made in the same manner, but 
phy.siologie salt solution, only, v,-as injected instead of the solution con- 
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taiiiing histamine. In addition to these studies, the. concentration oi! 
serum potassium was a.scerlained by the method of Kramer and Tisdall'' 
in seventeen cases Indore and after injection of histamine. 

RESULT,? 

In twenty-four of the twenty-five case.s (.96 per cent), histamine 
produced a definite effect on the electrocardiogram. This effect was 
chiefly loss of amplitude of the T wave. In some cases this los,s of 
amplitude ]U'occcdcd either to the isoelectric level or to inversion of 
the T wave in all four leads. The effect was lirief. Ju one case (4 per 
cent of the twenty-five case.s), tlnit of a man, the administration of 
histamine at high rates failed to produce any effect on the electro- 
cardiogram. 

Age . — In order to ascertain the inHuence of the age of the patient on 
the changes in the electrocardiogram, tlie casc.s were arbitrarily grouped 
according to the degree and duration of change in the electrocardio- 
grams after the injection of histamine. Four groups were formed. 
In the fiisit group no changes were found in the electrocardiogram. 
Only one ca.se fell in this group. In the second group certain slight 
effects were found. Seven eases were included in this group. All the 
jiatients were men. and tlicir average age was 46 years. In the third 
group moderate changes were noted in tlic T waves during tlie adminis- 
tration of histamine, and these changes were present in most instances 
for a short time after the injection of histamine was discontinued. 
There were eleven cases in the gi'oup. Five of tlie patients were women 
and six were men. Their average age was 40 yeai’s. In the fourth 
group the T waves underwent the most marked clianges, and, in general, 
these changes continued longest after tlie injection of histamine was 
stopped. Of the six patients in this group, two Avere Avomen and four 
AA'ere men. The average age of these .six patients Avas 41 years; the 
youngest ])atient Avas 21 years, the oldest, 56 years. Age alone, there- 
fore, did not aptpear to be a .significant factor in the changes in the 
electrocardiograms after the use of histamine. In all of the eases in 
group 4, except one, the effect of the drug Avas prolonged. 

Serum Potassium. — The average concentration of potassium before 
the injection of histamine Avas 18.8 mg. per 100 c.c. of serum, and after 
the injection the aA’-erage concentration Avas still 18.8 mg. per 100 c.e. 
In fiA'e eases a .sliglit increase folloAved tlie injection; in seven, a small 
HA^erage decrease, and, in fiA^e, no change folioAved the injection. The 
serum potassium seems therefore to have little if any influence on the 
electrocardiographic complexes and not to he re.sponsible for the changes 
observed after the injection of histamine. 

T IFares.— The predominant effect of histamine seemed to .he on the 
T Avavas (Table I). The T aa^a^c in Lead III most frequently shoAA-ed 
the effect of histamine first. The average rate of administration of 
hi.stamine in milligrams per minute at Avhieh tlie effects Avere first ob- 
served in the Amrioiis leads is shoAvn in the final column in Table I. 
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Table T 


EKFECT ok HlSTAltlXE OX THE T WAVE 



j CASES ] 

AVEItAOE KATE 
OF ADMIX- 
LSTKATIOX 
(MG PER MIX.; 

LOSS OF 
AMPLITUDE 

1 DEPitES.S/OX 
TO ISO- 
ELECTHIC 
T.BVEL 

ixvrnsiox 

1 

EFFECT 
. FinST 

OBSEIIVED* 

Load I 

20 

2 

0 

G 1 

0.025 

U-ad H 

20 

»> 

•> 

4 

1 11 

0.023 

Lead in 

IGt 

3 

9 

14 1 

0.014 

lAjad OR. 

15 

2 

1 

i 'i' 

0.024 

Lead IVll 

t 12 

1 

0 

1 6 

0.027 


*Tiio T vaves in jnore than one lead .sometimes show effects at the .same time. 


fFive .subjects already had inverted T w.ave.s in tills lead, and four had eitlier 
i.soelectric or diphasic T v.-ave.s in preliminary electrocardiograms. 


These figure.s indicate that the T wave was most easily influenced 
in Lead III, and least .so in Lead.s lYR and T. 

The effect of histamine di.sappeared immediately after the administra- 
tion was .stopiied in nine eases, and, in five other eases, it di.sappeared in 
all leads except one. It continued for at least five minutes in five ca.sG.s, 
and was back to normal in three cases in ten to fifteen minntes. In only 
these three cases were electrocardiograms made more than ten minntes 
alter discontinuation of the histamine. These three cases, in which 
the effect was knomi to have been lost in ten to fifteen minutes, in addi- 
t ion to the nine cases in which the effect of the drug was lost immediately 
after in.iection was discontinued, indicate that the influence of histamine 
is neither prolonged nor pennanent. In two cases, in spile of continued 
and increa.sed doses of histamine, the T wave recovered its voltage even 
before the injection of histamine was discontinued (Fig. 1). 

One of the greatest effects on the electrocardiogram was produced 
in the case which follows: 


Ibis patient began to show the effect on the T waves of all leads 
V, lien histamine was injected at the rate of 0.014 mg. pei’ minute. Con- 
trol electrocardiograms IFig. 2, A) .showed left axis deviation and an 
i.soelecti'ic T wave in Lead III. When histamine was injected at a I'ale 
of 0.0035 mg. per minute (Fig. 2, B), the T waves in Lead.s I and IT 
began to lose voltage. This effect became more pronounced when the 
rate of injection ol histamine was increa.sed to 0.028 mg. per rninnte 
(I'ig. 2, C). The f wave became Isoelectric in Lead I, and inverted in 
I,oads II and JIT. The T wave in boil) che.st leads also became lower 
ill amplitude. "W hen 0.042 mg. of hi.starnine base was injected per 
minute (Fig. 2. /I), the T waves in Lead I and in Leads WR and CR,, 
had regained their ioriner arnfflitude. In Lead III the T waves re- 
mained slightly inverted, but a striking observation in this ca.se, too, wa.s 
that, in.stead oi a continuous depression of the T wave with inerease<I 


•iinount.s of histamine, an e.scape occurred, which was apparently due 
to .some readjustment on the part of the heart, and wa.s manife.s'ted 
by an increa.se in the amplitude of the T v/ave. The cardiac rate, how- 
ever, had not leturned to normal. Tnunediately after di.scontinxiation 
of the histamine (Fig. 2, £'), the T waves in J.eads I, II, CTL. and IVR 
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1 


A Con- 
irol 


B 

0.024 « 

•** IS 
**2 

m 


» 


Sf 


Hdd 0.032 


, FJ?:. J. — Ivlcclrocanlioj^rrniiis. A. Control; J}. ipoploptvlr 
>l ; .6’, incroase in T-wave ionjilitmlc ten ininAUes after A, 
5ncrc:\?ptl rate of ndininistration of hlatamlno. 


T ^Yav^.' niiifi niinutes aflor 
in fipllf! of continued and 


Imme- 

Histainin6,rag./niin* diaicly 
Leads Before 0.0035 0.028 0.042 alter 



liinuies of histamine administration 


liistemine 5 ron^r^^ f course of. and after administration of 

in Lead ill • 'rP show.s left axis deviation and isoelectric T wave 

isometric in t' ^ nattened slightly; T waves are 

chest • 7 i ^nyei ted in L*c;ids II a,ntl III, and of lower amplitude in both 

^mplitnac in both chest leads^ amplitude in I.4ead I and some of tlieir 

in teads I am? IT they are still slightly inverted; B, T waves 

1 ana 1 } ami tjotJi chest leads arc flattened again. 
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appeared flattened again. On review of all of the eleetroeardiograms, it 
appeared as if the right side of the heart had become overburdened 
temporarily, as shown by the inverted T waves in Leads II and III, then 
had readjusted itself to the added strain in spite of the increased and 
continued dose of histamine. With the higher rates of injection of 
histamine, periods of overactivity of the heart, lasting three to four 
minutes, were observed with each increment of dosage. Also, the 
patient’s respirations became more rapid and deep. Abnormal exchange 
of gas by hji^eiventilation, in addition to right ventricular strain, is 
a possible factor in the production of changes in the electrocardiograms. 


liame- 



18 26 32 


, , J'S. u. — EI'icU-ocanlloKramK before. In the cour.«e of, and after administration of 
hiKtainine. A, Control, phowinK isoelectric T waves in L,ead HI; B, T waves are 
decrea.ped in all leads, flattened in l>eads 1 and li, diphasic in I^ead III, positive, 
but notched, in IV R, and inverted in CH,; O, T waves in Lead I and both 

chest leads are of low amplitude, and in Ixeid HI are inverted; the inversion of the 
T wave in L.ead CIo which w.'tp present in B has disappeared ; D, T w.aves in I^ead 
III are diphasic, find in both cln-st le.'ids are Increased in amplitude; B, T waves of 
all leads are of low amplitude; those In l/..-ad CR, are most diminished. 


Jjcft axis deviation, in this case as well as in three others, remained 
unaltered throughout all of the tracings before, during, and after 
administration of histamine. Small Q waves were observed in Lead 
IVR at rates of administration of histamine base of from 0.009 to 
0.028 rng, imr minute. 

In another case (Fig. S), inversion of the T wave in Lead CR.. and 
the presence of a notched, positive T wave in Lead IVR indicated right 
ventricular strain as well as in any of the cases studied. This case 
w.'Ls the only one in which the T wave was inverted in any of the chest 
leads. 
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III the control eleetroeardiogram (i'ig. 3, /I), isooleciric T Maves 
iverc noted in Lead HI. When histamine was being given at tlie rale of 
0.014 mg. per minute., the amplit ude of the T Avaves was decreased in 
all leads., flattened in Leads I and TI. dipliasic in Lead III, and inverted 
in CR„ (Pig. 3, B). The T wave in Lead IVR was a notclied, positive 
wave. The maximal eft'eet was observed when liist amine base was being 
injected at the rale of 0.02iS mg. per minnte (Fig. 3, C). The T wave 
in Lead I at. that time still exhibited low amplitude: in Lead TIT it was 
still inverted, but the inversion had disappeared in Lead OIL. The 
T waves in both ehe.st leads were still at low amplitude. AYhen the rate 
of injection was 0.039 mg. of histamine ba.se per minute (hhg. 3, D), the 
T wave in all leads regained considerable am])litude, and that in Lead 
III had become diphasic. Immediately after completion of the in- 
travenous injection (Fig. 3 B), the T wave in TiCad III became inverted 
again, whereas tho.se in both chest leads lost nhat amplitude they had 
gained during the maximal rate of injection. In Lead I the T wave 
regained its original amplitude, but the remaining leads .showed dimin- 
ished voltage of the T waves. In this ease the effect of histamine on 
the electrocardiogram was great, but the subjective and objective effects 
were slight. Electrocardiograms .shov/ed a Q-T lime of 0.40 second in 
Lead II when the rate of administration of histamine was 0.039 mg. per 
minute; this is definitely prolonged 'when compared to the normals of 
Bazett. In the remaining twenty-two positive cases, similar, but less 
pronoiinced, electrocardiographic changes were exhibited, 

Oih er Efect rocardiofjrapMc 0 h.scrvaiions. — Premature ventricular 
contractions Avere observed after the administration of histamine in 
four cases. They usually developed when histamine was given at rapid 
rate.s, but in one case they disappeared at high rate.s, although they 
Avere present in all preliminary tracings. One ])atient had incomplete 
bundle branch block (QRS inteival of 0.12 second) Avhich Aims un- 
ImoAATi to any of us until latei-. HoAveA’-er, the incomplete bundle branch 
block did not change Avith the various rates of administration of his- 
tamine, nor did the patient apjiear to suffer in any Avay from the injec- 
tion. Taa^ and a half years later, electrocardiograms did not rcAmal 
any further change in this incomplete bundle branch block. 

Notching of the P aatta'c in Leads II and Til disappeared in tA\m cases 
during the injection of histamine. In three cases, hoAvever, diphasic 
P waA-^es in Lead III, notched P AAmi^es in Leads IT and III, and diphasic 
P waves in Leads I and III remained unchanged throughout all tracings. 
In one case the notched P wave retunied after discontinuation of the 
injection of histamine. A P AvaA^e of Ioaa’- amplitude in Lead I became 
higher Avith increased floAv of histamine in another case. In one case, 
the P AAmves in Leads II and III AArere notched occasionally during the 
administration of histamine. Notching and slurring of the QRS com- 
plex Avas not changed by histamine in thirteen cases. Notching Aims 
frequently observed in Lead III, and the slurring aa^s about equally 
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distributed in Ijeads T, TT. and TIT. Ijo.s.s of voltage of the QKS ooin- 
plex was not strikinjr nor consistently present. Diminution of the S 
wave in Lead lYR was observed in two eases. This effect appeared 
in both eases when hi.stamine Avas being given at a rate of 0.00T7 to 

0. 0035 mg. per minute, and continued until after the in.ieetion Avas 
completed. 

Left axis deA-iation Avas eneountei-ed in six cases. Tt Avas present 
throughout all tracings in four ease.s, but in one it AAms found only im- 
mediately after administration of the di-ug Avas discontinued. In the 
remaining ease, the .slight left axis dcAuation AA-hich Avas present on the 
initial examination disappeared Avhen the rate of histamine administra- 
tion reached 0.022 mg. per minute. It had not reappeared approxi- 
mately six minutes after discontinuation of injection of the drug. In 
tliis case also, premature ventricular contractions disappeared Avith 
high dosages of the drug. No eases of right axis dcAuation Avere en- 
countered. 

The T Avaves in Lead III AA'hieh Avere already inverted in preliminary 
tracings Avere not deepened Avith increased amounts of hi.stamine. In 

1. AA'o eases the T AA’aves in Lead III Avhieh Avere inA'crted became diphasic 
on increased rates of admini.stration of histamine. 

The cardiac rate aa-rs inerea.sed by the administration of histamine, 
ns illustrated by Fig. 4. Little effect A\'a.s noted until a rate of 0.013 and 
0.015 mg. per minute AA'as readied. Then, Avith each increment in dosage, 
Ofiere Avas a corresponding rise in cardiac rate. Sinus tachycardia Avas 
u.sually present Adth maximal administration. When the administration 
of the drug Avas stopped, the heart rate di’opped back to its onginal, or 
to a loAver, rate AAuthin fiA'e to ten minute.s. The cardiac ihythm .shifted 
back to either .sinus rhythm or sinus bradycardia. The difference in the 
number of cases aliove the Amrious rates of admini.stration, as shoA\Ti in 
Fig. 4, is explained by the fact that in .some cases hi.stamine Avas injected 
at different rates than in others. This Avas done because ability to 
tolerate the drug Avithout headache A'aried. Some patients could take it 
rapidly, as if it Avere only physiologic salt .solution, whereas others Avere 
mox’e sensith'e. 

The electrocardiographic cycle Avas analyzed in order to find out, 
what part of the cycle Avas affected. In thirteen cases during maximal 
injection of hi.stamine there Avas an average decrease of 0.034 second in 
the P-I? inlerA'al, as compai'ed to the control period. In ten cases the 
P-R intei’A'a! did not change, and in one ease it increased temporarily. 
In this case the P-R intei-val ino-eased from 0.20 to 0.24 second Avhen the 
rate of administration of histamine increased from 0.0017 to 0.0158 mg. 
per minute. "VSith increasing i-ates of injection, hoAVCA-er, the P-R 
interval returned to its original length, namely, 0.20 .second. In one 
other case the P-R interval Avas jirolonged initially to 0.24 second, How- 
cAxr, at rates of hi.stamine injection from 0.021 to 0.044 mg. per minute, 
the P-R interval Avas reduced to betAvecn 0.20 and 0.22 second. Im- 
mediately after discontinuation of the injection of histamine the P-R 
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interval returned to its former length of 0.24 second, failure to ob- 
serve impairment of anrieuloventricular coiiduction, as reported by other 
investigators, may have been due to the relatively smaller amounts of 
' histaraine used. There was no effect on the QKS interval. The S-T 
interval decreased in twelve ease.s, remained unelianged in ten, and 
increased in three. Tlie average decrease in time was approximately 
0.05 second. Tlie average increase was 0.027 second. The Q-T time was 
observed to be prolonged in eight cases wlien the cardiac rate was 
elevated by the histamine, that is, the Q-T interval remained what it 
was oi’iginally, and did not decrease with the increase in cardiac rate. 
Compared to the normal values of Bazett, the average decrease in Q-T 
time would liave been 0.072 second, but actually the average was 0.0075 
second. The T-P interval, of course, showed an inverse proportion 
to the increase in cardiac rate, and was reduced to zero in some eases. 



Rate, of histamine administration in mi^. per minute 


PIS'. ‘1. — Increase in heart rate in proportion to rate of administration and dose of 

hi.staininc. 

COMJIENT 

To explain how histamine causes the T wave to lose amplitude and 
become inverted is a difficult undertaking, for it involves the theory of 
electrocardiography and the mechanism of formation of the T wave, 
concerning which inve.stigators are not all agreed. Therefore, although 
an attempt on our part to explain this effect on the T wave may appear 
presumptive, it is done only for tiie purpose of presenting what seems 
to he the most plausible explanation in the light of the present investiga- 
tion. 

Several possibilities may be considered in regard to the manner in 
which Mstamine produces its effect on the T wave. The first is whether 
the amine produces coronary vasoconstriction and thereby brings about 
myocardial ischemia. There are several pieces of evidence against this 
explanation, for such experimental work as that of Essex, Wegria, Her- 
I'iek, and ]\Iann® on the trained dog and the work of Anrep" on the heart- 
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lung preparation of Jinnian beings demonstrate that iiislamine produces 
coronary vasodilatation in tliesc s])eeics. IMoreover, in the twenty-five 
cases investigated and manj' others not included in our study, neither 
anginal distress nor signs of coronary insufficiency were encomitered. 
Also, if anoxemia were produced, the electrocardiographic changes 
which are characteristic of this condition, as shown hy Levj^ Bruenn, 
and Bussell,® would he expected. Inversion of the T waves in, Leads I 
and IVB was never encountered, nor was the BS-T junction displaced, 
as they reported. Lo.ss of voltage in the QKS complex was not observed, 
cither. However, Levy, Bruenn, and BusselB mentioned that, in nor- 
mal persons dui’ing induced anoxemia, the T waves tended to lose ampli- 
tude in all four leads, and inversion of the T waves in Leads II and III 
occasionally occurred. Bothsehild and Kissin*' pointed out that the 
alterations of the electrocardiograms in anoxia disappear slowly, and 
persist in diminishing degrees in some instances for as long as thirty 
minutes. The work of Levy and his associates and of Botlrsehild and 
Kissin is of paiticular importance because it demomstrates that the 
electrocardiographic changes caused hy anoxia, although they are 
similar in some respects to tho.se produced hy histamine, arc, in the 
main, different. 

The next que.slion is whether histamine produces its effect on the 
T wave through the vagus nejwe. Stimulation of the vagus has been 
shown to produce T waves of low amplitude by Samojloff,^'’ Bothherger 
and \Yinterherg,’^ and Kronenberger and Buffin.’^ This question can 
be answered in the negative if the work of Hashimoto,’® who sectioned 
the vagal nerves of dogs and also gave large enough doses of atropine 
to paralyze the vagal nerves, is accepted. He found that the effect of 
hi.stamine on the heai-t was not prevented by such procedures, and con- 
cluded that the action of histamine wms mediated in some other manner. 
Moreover, histamine always produces acceleration of the heart, which 
is not a characteristic of vagal activity. 

'Whether histamine produces its effect on the T wave through the sjun- 
I)athetie nervous .system must also be considered. This is hardty likely, 
tor stimulation of the aeelerator nerves, as shown by various inve.sti- 
gafors,”^'*® the use of cpineplirine, and conditions, such as hjyoglycemia, 
whieli cause an increased outflow of epinephrine, have produced larger 
than normal T waves. 

• 

Ihe next question to be considered is whether the amine acts directly 
on the myocardium as a toxic agent. If tjiis were true, the faster 
histamine is administered, the more pronounced would be the loss of 
amplitude of the T wave and the deeper the invension. This is not 
entirely true. In several eases the amplitude of the T wave returned to 
iioi nial in .spite of continued and incrca.sed administration of hi.stamine. 
However, histamine, may act directly on the myocardium. 

The most likely explanation of the T wave negativity is that it re- 
flects right ventricular strain, although tachycardia and hyperventila- 
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tion may be additional factors. Altliough the electrocardiographic 
changes do not resemble those in ])ulmonaTy embolism exactly, beeansc 
there is no prolongation of the Q wave in Lead TIT or incidence of right 
axis deviation, in one case llie T wave was inverted in Lead 01?... and was 
notched and positive in Lead IVl?. This probal)ly represents llie 
maximal effect of histamine in ]n'oducing right venirienlar ])reponder- 
ance, for, in the other cases, tlie effect was mnch loss pronounced. Dale 
and Laidlaw^ reported that large inti’avenous injections of histamine 
prodneed transient distention of the right side of the heart, with weak 
right ventricular contractions, in cats which were given artificial respira- 
tion while the thorax was open. Also. ICircld"’ reported that, in the 
dog, cat, rabbit, and guinea pig, a definite tonogenic dilatation of the 
right ventricle oecnrrcd wlicn histamine was injected into the veins 
and heart. Daily injections ])rodnced a definite i-ight-sidcd hyper- 
trophy of the heart in llie dog and cat. Tliis was helicA'cd to bo due to 
an increase in the blood ]n-cssuro in tlic pulmonary cireulatioii, caused 
by contraction of the small ]>ulmonary veins, aided by s])asm of the 
bronchial musculature. The results of our investigation hear out the 
possibility that increased intra pulmonic ])rcssui‘c is responsible for 
the cleclrocardiogi*aphic ehaugos, as shown by 11m ])repondcrance of 
iiivei^^ion of the T Avaves in Loads II aiid III, as well as llie ease in 
Avhich the T wave was inverted in Lead LI?., with a ])ositive, notched T 
wave in Lead IVI?. Tiiesc changes point to rigid venti'icular strain 
as probably the most jdausible answer. 

The effect of histamine was not prolonged, Avliich indicates that it Avas 
being (piiekly neuti-ali^ed oi* desti'oyed in tiie blood stream. Prolonga- 
tion of the conduction time Avas found in only one ease. In most of tlio 
eases the conduction time, contrary to ex]icrimen1al reports in the litera- 
ture, AA'as deerea.sed. As a A\-holc, the elect rocardiogi‘a])hic clianges did 
not appear remarkably significant, and Avcrc of a transient and pliysio- 
logic naluT'c. Experimental AA'ork Avhich substantiates this opinion is 
that of Ettinger, Hall, and Lang."’ avIio gaAm dogs histamine in- 
IraAmnousIy daily for as long as 266 days. Tlie concentration of the 
histamine solution Avas 1 :10,000, and 2 to 4 e.c. Avere giA'eii per minute 
for ninety minutes daily; tliis aa^s enougli to double or triple the heart 
rate. Post-mortem examinations I’eA'oaled no evidence of degeneratiA'e 
clianges in the coronary ai-tcries or myocardium after tlie conclusion of 
the experiment. In our experience, liist amino has ncA'cr precipitated 
an attack of angina pectoris or coronary occlusion, eitlier in the tAventy- 
five cases studied or in many hnndred othci* ease.s in AA'hich histamine 
AA^as gh'en intravenously, h^’rom this it might be inferred that histamine 
does not produce coronary vasoconstriction. 

In the concentration used, and under the conditions set forth in this 
paper, the electrocardiographic changes induced by histamine appear 
to he physiologic and relati\mly unimportant. Tlierapentically, tlie im- 
portance of such a conclusion is evident, but a AAmrd of AAmrning should 
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be voiced fov patients "who have clivonic asthma, for they are nolovionsly 
sensitive to histamine. 

SmiMARV AXn COKCEE'.SIOXS 

Electrocardiograms were made on twenty-five human .subjects ; seven 
women and eighteen men who did not have cardiac disease. These 
electrocardiograms were made before, in the course of, and after the 
continuous intravenous administration of 2.75 rug. of histamine diphos- 
phate in 250 c.e. of physiologic salt .solution at rates vaiying from 0,0017 
to 0.044 mg. per minute. Physiologic salt .solution was given in- 
travenously to three patients in the .same manner as histamine diphos- 
phate, and did not have any effect on the electrocardiograms in any of 
the four .standard leads. Electrocardiograms were taken with the usual 
three leads in eight eases, and with the aid of Leads CRj and in the 
remaining seventeen cases. 

Age and concentration of serum potassium appeared to play little, 
if any, role in the electrocardiographic changes which occuri'cd after 
tlie intravenous use of histamine. 

Significant changes were observed in the electrocardiograms in twenty- 
four of the twenty-five eases (96 per cent). The mo.st common change 
was lo.ss of amplitude of the T waves in different leads, sometimes in all 
leads, which, in some eases, proceeded to either the isoelectric level or 
to inversion of the wave. The first effect appeared most frequently in 
lA'ad III, next in Lead II, then in Lead CR^, Lead I, and finally in 
Lead R^'R. Inversion of the T waves was observed in four cases in 
Lead II, in nine cases in Lead III, and in one case in Lead CRo. No in- 
version was observed in Leads I and IVR. The effect of histamine on 
the T waves disappeared within five to fifteen minutes after injection 
of the drug was discontinued. The extent of loss of T-wave voltage 
was roughly and directly parallel to the rate of administration of his- 
tamine. In some cases, however, the effect of histamine was lost, and 
the T waves recovered either partially or completely their former 
amplitude in spite of a continued and .sometimes inci’cased do.sage of 
ln.stamino. 

The cardiac rate was increased, on an average, 26 beats per minute 
by the administration of histamine. The average rate before injection 
was 68 beats per minute, and, during maximal injection of histamine, 
94 beats per minute. The cai’diac rhythm was also affected; the initial 
rhythm was ustiali.y sinus airhythmia, sinus brad 3 'eardia, or sinus 
rhrthm, which shifted to sinus tacln’cardia duiang maximal rates of in- 
jection. 

Tmpaiunent in atrio\entvicular conduction was manifest in onlj' one 
case, and this uas for onlj a short time during the earlj^ .stages of the 
injection of histamine. In all other ca.ses the P-R intercml or the con- 
duction time decreased. In one case of incomplete bundle branch 
block, no further impainnent in conduction followed the use of his- 
tamine. 
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Premature ventricular eonti'aetions were observed after tlie adminis- 
tration of hist amine in four eases. Tliey usually developed during- high 
rates of injeetion. I'dattening of the. QK8 eonpdex was not striking 
nor consistently present. 

Left axis deviation was obsei’v(>d in .six <'n.s(>s and was i)re.sent through- 
out all traeing.s in four ea.se.s. In one of the other two eases, left ven- 
tricular preponderance ai>j)eared after the in.jeetion of histamine, and, 
in the other, disappeared with increased doses of histamine, flight axis 


deviation was not encountered. 

Elect rocardiogra]diically, the effects of administering histamine intra- 
venously in man. in llie manner de.serihed, may he considered of minor 
. physiologic importance. No clinical or elect roeardiogj-aphic evidence 
of permanent cardiac damage was observcKl in any of the twenty-live 
patients. No anginal disfre.ss or delinlte sym]>fom,s of coronary in- 
sufficiency were observed. 


The aulher.-J %vi?h to thank Dr. A. R. Durnes for <‘ritieisni innl .^uu^iestions. 
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Clinical Report 


BALL THKOMBUS IN THE RIGHT AURICLE OF THE HEART, 
WITH A DESCRIPTION OF THE S^WIPTOMS 
PRODUCED 

Lt. Coloxel Ikvixg S. Wright, !M.C., Chicago, III., axd ]\Iajor Joseph 
E. Fla’XX, IVI.C., axd Captaix Kexxeth L, Druet, H.C., 

Hot Sprixgs, Ark. 


A CASE of liall llii'omlms of the rijjht auricle of flic heart is re- 
ported for the following reasons: 

1. A review of the literature revealed only thirty-five authentic 
ea.se.s of ball thrombus of the heart. In thirty -foui’ of these the ball 
tlironibus was found in the left auricle. The single exception was found 
in the right ventricle.’ The ca.se herein pi-esented, therefore, represents 
the til's! reported in.stance in which an unquestionable ball thrombus 
occurred in the right auricle. 

2. The presence of the large, freelj' movable ball in the right auricle 
produced an unusual syndrome that may lead to a consideration of this 
}.MSsibility in other cases. The diagno.sis of a ball thrombus of the left 
i le of the heail has been rarely made or even sugge.sted ante mortem, 
•io far as we can ascertain, it has never been made and confirmed in re- 
lalion.ship to the right auricle. In this ca.se an unu.sual .series of find- 
ings made it possible to deduce that a movable thrombus was acting 
as a ball valve over the tricuspid orifice, although it could not be 
ascertained whether it was loo.sely attached or entirely free. 

■i. Ivastly, the ball thrombus was of unusual size, mea.suring 6,8 cm, 
in diarnetej', whereas, in the previously reported eases, the thrombi 
varied from 1 to 4 cm. 

Certain criteria, set down by Welch, in 1899,’’ have been genei’ally 
acknowledged as nece.ssai'y of fulfillment before the anatomic diagnosis 
oi a ball thrombus can be accepted. There must be (a) entire absence 
ot attachment, with consequent fi-cc mobility, (b) impn'sonment in 
consequence of exce.ss in diameter of the thrombus over that of the 


first nai-rowing in the circulatory passage ahead of it, (c) such con- 
sistency and shape that the thrombus mu.st not of neee.ssity lodge as an 
embolus in this passage. Our ca.se clearly fulfills the.se .specifications. 

No attemirt -will he made to review all of the reported cases of ball 
thrombus of the heart. The first ea.se reported, a ball thi'omhus in the 
left auricle, was described by William Wood, of Edinburgh, in 1814/' 
Nearly scix-nty years later, von Recklinghausen^ de.seribed his ea.se.s. 


Prom tho Amiy an.I XaiT General Hospital, Hot Spring X.ational P.-irk, Arkansas. 
P.«{ive(l for publication Oct. 22, 1843. 
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He is nevertheless frequently reierred to in the German literature as 
the- original observer of ibis phenomenon. Abramson-'’ ably reviewed 
the literature up to 1924. Since that time othci-s have added eases. 

Only a single case in the literature needs to be considered in relation 
to the one here presented. This was reported by j^lacLcod, in 1882.’^''* 
Rechlinghausen/ Stranged' and Abram.soiv''', concluded that this ease 
should not be admitted to the class of ball thrombi. While the pos.si- 
biiity that i\laeLeod did find a true ball thrombus does exist, it cannot 
be clearly so classified from, his report because of failure to describe 
certain essential structural features. The.se are: the presence or ab- 
sence of a pedicle, the exact shape of the ''clot,” and its size relative 
to that of the tricusjnd orifice. i\Iaeljeod's exact description was as 
follows: "In the right auricle was a very firm almost cartilagenous 
grayish yellow, movable clot, half as large again as a walnut lying over 
the tricuspid orifice.’’ 

Extreme air’ hunger in the ab.sence of any evidence of interference 
with the air passages, and with free expansion of the chest, together 
with periodic uneonseiousnc.ss and a very thready pulse, led MacLeod to 
conclude that "there was some interference with the afflux of blood to 
the lung. The signs and suddenness of the attack pointed to a large 
embolic plug in the le.sser circulation somewhere near the right side of 
the heart and ].irobably in the pulmonary artei-y." These deductions 
did not include the possibility of a ball thrombus in the right side of the 
licart. 

REPORT OF CASE 

The patient, a 4T-year-old, white, married man, was admitted Jan. 7, 
1943, to the Army and Navy General Hospital because of acute heart 
failure. He had been in good health until the age of 23 years (1919), 
when he fainted several times while taking exercises. He stated that 
he was discharged from the Army because of these fainting spells. From 
that time he experienced increasingly severe dyspnea, as well as sub- 
jective evidences of cardiac insufficiency on exertion. On Aug. 4, 1939, 
he was hospitalized because of .signs of a mild degree of cardiac de- 
compensation ; this quickly cleared up, and he left the hospital in rela- 
tively good health. On Aug. 18, 1942, he experienced his first definite, 
and .severe attack of cardiac decompensation. He was then hospitalized, . 
and had severe dyspnea, cough, abdominal swelling, and edema of the 
ankles. The diagnosis made at that time, according to his statement, 
was "vahmlar heart disease.” No irregularity in cardiac rhythm was 
noted. He responded to rest in bed and digitalization with marked 
improvement. A ehe.st roentgenogram, taken Aug. 28, 1942, revealed 
an Enlarged heart, with marked prominence of the right auricular border 
(Pig. 1). He left the hospital Sept. 26, 1942, but returned Oct. 6, 1942, 
with a second severe break in compen.sation. While at home he had 
failed to maintain digitalization and had consistently exceeded his ex- 
ercise tolerance. During this admission he came under the observation 
of the present, authors. This attack was characterized by the following 
symptoms; severe dyspnea, with orthopnea, severe precordial pain, 
cough, nausea, oliguria, and -^vealmess. Physical examination revealed 
an acutely distressed, dyspneic patient vdth a dusky purplish cyanosis 
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of the face. Tiic veiiis of the neck were engor<red and aclivoly pulsating. 
The timing of tliis pul.safion was difficult. Diffuse, fine, persistent, 
crepitant rales were heard posteriorly over the bases of both lungs. 
These wei-e not moist. The heart, was enlarged, on ])ercu.ssion, to the 
left anterior axilkny line in the sixth intercostal space. In this area a 
diffuse apical pulsation was visible and palpable. The right side of 
the heart extended approximately 6 em. to the right of the mid.sternal 
liiie at the .same level. The base was not widened. The rhythm was 
totally irregular. This was interpreted as flue to auricular fibrillation, 
whieli was confirmed by the electrocardiogram. Hough .systolic and 
soft blowing diastolic murmurs were heard, and were loudest over the 
mitral area. These were audible from the right border of the sternum 
to the left apex. The abdomen appeared to be enlarged due to modei'- 
ate ascites. There was a large tender liver that extended 4 fingcr- 
iu-ead(hs below the costal margin. The livei' pulsated ,synchi’07iously 
with the ventricular .systole. There was moderate edema of the ankles. 
Roentgenogiams taken during this admi.ssion showed essentialh’’ the 
.same picture of the heart as that seen during the first admi.s.sion. Other 
laboratory data were essentially irrelevant. 

The imtient again responded i-athei- 7-emai'kably to rest in bed and 
digitalization. Ilis .symptoms were definitely innproved, although his 
auriculai* fibi-illation continued and his exercise tolerance i-emained very 
limited (c.g., walking slowly acro.ss a room). The cyanosis, as well as 
the engorgement and jnilsation of the veins of the neck, was markedly 
le.ssened. The liver decreased in size to within nonnal limits and ceased 
to pulsate. He left the ho.spital on Nov. 14, 1942, again.st medical advice. 
I’he diagnoses at the time of discharge from his second admission were 
follows; 


1. Rheumatic fever, inactive. 

2. iMyocai'dial degeneration with insufficienc.v. secondary to 


No. 1. 

3. l^ritral stenosis and insufficiency, secondary to No. 1. 

4. Tricusfjid insufficiency, secondary to No. 1 and No. 3 (pos- 
sible tricu.spid .stenosis?). 

o. Cardiac hypertrophy and dilatation affecting all chambers, 
secondary to No. 1, No. 2, No. 3, and No. 4. 

(fardiac arrhytlmiia, severe, chronic, with auricular fibrilla- 
tion and ventricular ])remature contractions, secondaiy to 
No. 1 and No. 2. 


G. 


He was advised to continue a maintenance do.se of digitalis, but his 
iK'r.sonal physician discontinued this and replaced it with strychnine. 

hm he became more decompen.sated, digitalis was again used, but it 
was rather irregularly taken, and he had none during the two days 
piior to his final admi.ssion on Jan. 7, 1943. On this admis.sion he was 
ay.Tju in an e.xtreme .slate of deeoinpen.sation. The symptoms and signs 
v.ere e.s.sentially as they were on the second admi.ssion. Nau.sea, dy.sjjnea, 
otihopnea, ascites, and oliguria were, howevei*. somewhat more prom- 
inent than pj'eviou.sly. The dys^mea appeaj'cd to be of an o.xygen hun- 
ger type, and not due to respiratory obstruction or congestion. There 
VtLS no pain in the chest. He gave the hisloiy that, oir several occa- 
sion.s during the preceding month, his left leg became limp when he tried 

accompanied by jiain or sv/elling of the le.g. 

>11 liis last adrals.sion (Jan. 7, 1943) the physical signs relating to 
ie heart were as follows: There was a diffu.se visible pulsation in the 
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area of the fifth and sixtli intercostal spaces and at the loft anterior 
axillary line. The rhythm was still totally irregular— -the apical rate 
appi-oximatcd 140 per minute, with a deficit at the radial artery of 10 to 
20 heats. The rough systolic and soft, blowing, diastolic murmurs above 
described were lieard from the right iiorder of the sicrmim to the left 
axilla at. tlio level of the sixth intercostal space. They appeared to he, 
loude.st to tile left of the sternum. The dusky cyanosis of the face and 
neck was pronounced, and systolic* luilsations of the cervical veins and 
of the, markedly enlarged liver were very striking. The right .suh- 



Tig'. 1. — ^HoentgeiioKTam of clie-sl taken Ang’. 2S, 1.0-12, showing marked genez'alized 
enlargement of the heart, with especial prominence of the right auricular area. 

clavian vein was distended, showing lieliind and above the right 
clavicle. At time.s, during an acute attack, the saphenous veins were 
noted to pulsate, hut this was not constant. Slight pretibial edema 
was present, and he had generalized peripheral arteriosclerosis. 

• Laboratory Data . — On admission the urine had a specific gravity of 
1.015. It contained no sugar, but 1 plus albuminuria was present. 
Slieroscopically, 10 to 15 leucocytes and a few hjmliiie and granular 
casts per higli-power field were seen. Increased amounts of albumin 
and hyaline and granular casts were noted terminally. Tlie blood Kahn 
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Table I 

Labokatorv Studies 


Blood Nonprolcin Nitrogen 
Blotifl Creatinine 
Blood Sugar 
Blood c'hloridcB 


R.B.G. 

B’.B.C. 

Hgl). 

Polymorphs 
Lymphocytes 
Polychromatopliilia 
Oc.p.nmomil normoblasts 


1/11/43 1/14/43 1/18/43 

8u mg. % 76 rag. % 42 mg, % 

3.15 3.0 2.27 

142.8 83.3 


1/0/43 

3,930,000 

15,300 

80% 

82% 

18% 


1/15/43 

4,610.000 

7,200 

93% 

70% 

24% 


2/25/43 
300 rag. % 
5.0 
222.0 
072.0 


2/25/43 

4,710,000 

50,000 

98% 

88 % 

12 % 


te.st was negative. An electrocardiogram taken on admission, Jan, 7, 
1943, .showed auricular fibrillation with a ventricular rate of 140, with 
slurred QRS complexes of low amplitude in Leads I, IT, and III. A 
diphasic Ts and inverted T waves in Lead III tvere noted. There wa.s 
no evidence of a digitalis effect (Pig, 2A). 

Hospital Course . — He was immediately put to bed and given .sedatives, 
ammonium chloride, theobromine, and digitalis, and his fluid intake was 
re.stricted to 1,200 c.c. daily. The blood pre.ssure was approximately 
100/90. During the next forty-eight hours his condition became pro- 
gressively worse; nausea and vomiting permitted the use of only paren- 
teral medication and feeding. Oxygen w’as administered continuously 
Ihrough a catheter in the nose, and 2 c.c. of mercupunn were given. The 
■ntricular rate varied between 140 and 160. By the third day (Jan. 
d, 1943) , his condition had improved slightly. ITis ventricular rate had 
.slowed to 9.0 and the electrocardiogram .showed early evidence of a 
digitalis effect. He appeared more comfortable. The liver had receded 
from 4 to 2 fingerbreadths below the co.stal margin. His fluid output 
had markedly increa.sed, but unfortunately was not recorded. The 
following day (Jan. 11, 1943), his general condition was further im- 
proved. The edge of the liver was barely palpable, and the hepatic 
and venous pul.sations were markedly reduced. The patient appeared 
somewhat drov/sy and slightly dehydrated, so that his fluid intake was 
increased to 1,000 c.c. The administration of oxygen by nasal catheter 
was continued. The ventricular I’ate averaged between 90 and 100, 
I' rom this time, digitalization %va.s maintained by the u.se of IV 2 grains 
(0,1 Gm.) once or twice a day. This wa.s occasionally supplemented by 
one ampoule of digifoline. The condition of the patient, evidence of 
tailure, ventricular rate, and frecpient electrocardiographic records de- 
termined the dosage. 

Gn Jan, 12 he was .still drow.sy and unaware of his .surroundings, 
i lie mo.st strilring change was the disappearance of all abnormal venous 
pulsation. The edge of the liver was no longer palpable. The blood 
pressure was 110/70. The ascites and edema had disappeared. Oxygen 
w,as .still being administered continuou.sly. The nexT day (January* 13) 
he appc^ircd nuK'h hotter, and ^vas faii’Jy alert for the Virst time. The 
liver was not palpable and the abnormal venous pulsations %vere still 
absent. The ventricular rate was approximately JOO. The cardiac 
rliythm ^va.s auricular fibrillation, ndth a few ventricular premature 
contractions. On January 14 the patient appeared further improved. 
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He was no longer cyanotic, and oxygen wius discontinued. During the 
next nine days he made slow but steady progress. His lieart remained 
quite well compensated on a dose of 0.1 Gm. of digitalis daily. His 
cardiac rate averaged about 66 (Fig. 2B). His menial condition was 
now good. His blood pressure averaged 100/70. Within twenty-four 
hours, however (Jan. 27, 1943), and vdthout any change in the treat- 
ment, he again showed evidence of tricuspid insufficiency. The liver 
once more became markedly enlarged and. pulsatile, and the veins of 
the neck engorged. The ventricular rate .suddenly dropped to 46. The 
po.ssibility of overdigitalization was considered, and the dose was re- 
duced to* 0.032 Gm. (14 grain) daily. Mercupurin (1 ampoule) was 
given parenterally. Once more, over a period of seven days, his condi- 
tion .showed steady improvement. He felt mueh better, but the signs 
of tricuspid insufficiency remained (pulsating liver and veins, and 
cyanosis). This relatively comfortable phase continued another week, 
until Feb. 14, 1943, when he apparently had an acute cerebral accident. 
He developed flaccid paralysis of the entire left side of the body. The 
head, neck, mouth, and eyes were drarni to the right. The blood pres- 
sure was approximately 150/80-60. The next d.ay (Feb. 15, 1943), 
flaccid paralysis of the left side Avas still present. A Babin.ski sign had 
developed on the left side, but there Avas none on the right. The asym 
metry of the face Avas less marked. He could hold his head more toAvard 
the midline. The tongue could be held nearly straight. The eye.s, hoAV- 
ever, could not be rotated to the left. He reacted to abdominal palpa- 
tion as if he had generalized pain. At this time the liA^er and neck 
veins had again receded, and thei’c Avas no .shortness of breath. It aa’os 
belieA-ed that he had probably had a cerebral embolism from a left 
a ii-icular thrombus. During the next ten days there Avas very little 
' inge in the neurological signs. FcA'er developed on Febniary 20, and 
tlie temperature reached 105° F. Sulfathiazole Avas given, and the 
temperature returned to normal, but ro.se again to 102° F. terminalb'. 
The evidences of trieu.s'pid insufficiency again retui'iied to a marked de- 
gi’ee and increa.sed steadily until Feb. 24, 1943, Avhen they reached a 
maximum; scattered coarse rales AA’ere heard throughout the bases of 
both lungs. A roentgenogram of the chest taken at that time shoAA'cd 
f'vidence of moderate pulmonary conge.stion and marked enlargement of 
the heart to the left and to the right, Avith prominence of the right 
auricular border (Fig. 3). Tliis A\’as not remarkabl.y different from the 
ine taken Aug. 28, 1942 (Fig. 1). Within tAventy-four hours, hoAA'ever, 
-i ver}' striking phenomenon took place. As shoAAm in Fig. 4, the roent- 
/cnogram taken February 25 shoAA'cd a marked reduction in the total 
^ize of the heart. E.speeially notcAvorthy Avas tlie total disappearance 
of the right border behind the sternal shadoAv. This AA'a.s once more 
accompanied by a disappearance of the liA'er under the costal margin, 
and absence of abnormal pulsations of the cervical A'eins. This series 
of rapid changes in the severity of the tricu-spid .sjuidrome, together 
AA'itli the sudden reduction in the size of the right side of the heart, led 
the clinicians to conclude that a large thi’ombus mast be riding over 
the tricu-spid A’ah’e and exerting a ball Amhm action. There Avas no Avay 
of determining whether it AA'as attached b}’’ a pedicle or Avas a free, ball 
thrombus. In either ea.se the action could be the same. 

On Feb. 26, 1943, the patient became mueh Avorse. The skin and 
•sclerae became a du.sk}' yelloAv as aa'cII as cyanotic; the cyanosis aa'SS 
more pronounced on the paralyzed side (left). The skin Avas cold and 
or}-, and numerous petechiae appeared above the umbilicus and in 




Fig. 3. — Rocntgenognun of clie.?t taken Fob. 21, 1943, shoAving little change from 
that of Aug. 28, 1.943. except for slight increase in size. The prominence of the right 
Ijnrfler i.s still prc.^ent. 



Pig. 4. — ^Roentgenogram of chest taken February 25. 1943 (twenty-four hours 
later). Note the marked reduction in the total size of tiie heart .shadow, and 
especially the disappearance of the right auricular shadow behind the sterum. 
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.scattered areas d^wn the right Icfr. No differenee in the peripheral 
pulsations on the right and left sides could be detected. The blood 
pre.ssure wa.s approxiinatelv 170/40-45, i.e., there was a maihcd increase 
in pulse pressure. The piilse was tot all irregular and feeble, and the 
ventricular rate avei-aged 150. An eleetroeardiogi-am taken at this 
time is shoum in Fig. 20. Efiles and rhonchi were heard throughout 
the chest. The abdomen was scaphoid without rigidity. Neither the 
liver nor .spleen was palpable. The cerneal veuns showed no abnormal 
pulsations. The left-sided hemiplegia remained flaccid, but clonus 
involving the right arm and foot developed. A urea fro.st was noted 
over the face and tiuink. 

The- nonprotein nitrogen ro,se at that time to 300 mg. per cent, 
with a Creatinine of 5 mg. per cent; the blood sugar was 220 mg. per 
cent, and the chlorides, 672 mg. per cent. The blood cell count was 
c.ssentially normal except for a tenninal lise in the leucocytes to 50,000. 
Neither homaturia nor raelena was noted at any time, although the ob- 
servations were carefully checked. He died at 7 ;45 p.3f. 

Auiopayli—M. autopsy the diagnoses were as follows; (1) Stenosis, 
mitral, severe^. (2) Valvulitis, fibroblastic, aortic valve, ancient. (3) 
Endocarditis, /vmi'HCous, iheumatic; mitral valve and left auricle. (4) 
Thrombu-s, ball (diameter, 6. 8 ‘ era.), right auricle, (5) Thrombus, 
mural, left auricular appendage, (6) Hypeidrophy and dilatation, right 
ventricle. (7) J3ilatation, left and right auricles, (8) Pneumonia, 
confluent lobular, early. (.9) Congestion, chronic, pa.ssive, lung.s. (10) 
Emboli, thrombotic, mesenteric artery, secondary to mural thrombas', 
left auricle; old and recent. (11) Infarction, ileum, secondary to 
occlusion of mesenteric artery, (12) Peritonitis, generalized, secondary 
tf> infarction of intestine, (13) Infarction, spleen, moderately large, 
-ondary to mural thrombus, left auricle. (34) Absees.s, .subdia- 
lUiragmatie, .secondary to generalized peritonitis, (15) Alxsces.s, .sxdeen, 
at .site of infarction, secondary to subdiaphragmatic ab.sce,ss. (16) En- 
cephalomalaeia, right inter-nal cap.s-ule, secondary to emboli.sm arising 
from left auricle. (17) Hemorrhages, pontine. (IS) Uremia (clinical). 
(19) Pericarditis, .secondary to uremia, localized. (20) Fro.st, uremic, 
face and trunk, (21 ) tjirr-hosi.s, cardiac type, rnodei'ately advanced. 
t22) Tctei-us, secondary to ear-drac cirrhosi.s, (23) Proctiti.s, hemor- 
iiiagre, pnjbably secondary to ur-emra. (24) Infarctroms, left kidney, 
'Triall, secondary to ertiboli arising from mural thrombris, left auricle. 
Only the heart is described in detail. In sitrr the heard; was moder- 
■‘iy enlarged. Its greatest tran.svei'se diameter measured 15 cm. The 


- jape was globular because of marked dilatation. The apex of the 
.icai t was located at the sixth rib. The epicardium near the pulrnonarj' 
conus contained some fibrin ; this was not con.spieuou.s, however. The 
leit auricle wa.s markedly dilated, and had .slightly di.splaeed the 
vsopliagu.s to the right and exaggerated the tracheobronchial angle. A 
■ are'*, •firm tumor could be palpated tlirough the dilated right auricle, 
1 iu' f/)ronai 7 ’ ar’terie.s wer'e patent. They were of normal caliber and 
coilaj).scd i-widily on section. Di.sscction of the heart revealed a large, 
si.oooth-.suriaced yellowlslr ma.ss in the right auricle. The ma.ss was 
.•<p.herical atrd free to move, for it wa.s not attached in anv manner to 
the w-all of the^ auricle. There was no evidence of a foiVner pedicle, 
ihe diameter of the hall thrombus was 6.8 cm,, and the circumference 
vvas cm. The thrombus hud considerably reduced the eapaeity of 
t.ic auricle, and,^ in fact, it wa.s difficult to see how much blood could 
iiave entered this cliamber. Sections through the thrombus revealed 
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various lines oi‘ firay mid red, \vi1]) slipflit enilral sortoiiin^. The endo- 
cardium o1' the right auricle and right ventricle was everywhere smooth 
any shiny. The tricuspid valve wa.s markedly .stretched, with a circum- 
ference of 14.5 cm. It was delicate and of t issue paper thinne.ss. The 
papillary nursclcs of the right ventricle were thickened and somewhat 
shortened, and there was widening of the interpapillary spaee.s. The 
inyoeardinm of the right ventricle measured 4 mm. in thickness. The 
left auricular appendage contained a dry, friable, inela.stie mass of 
tissue which could be ea.sily lorn away except at its base. This jnass 
of tissue measured 3 em. in length. The free extremity of the ma.ss wa.s 
roughened, as if ;i ]>ortion had recently broken away. Tlie anterior and 
posterior as])Cets of the wall of the left auricle were .studded with small, 
reddish-pink, firm, globular, verrucous le.sions. None of the verrucous 
lesions mc.asured over 3 mm. in height. They were intimately adherent 
to the wall and could not be removed except at the expense of the endo- 
cardium. When removed, they left a raw surface. There were three 
plaque.s of these lesions. Tiiey covered an area of approximately 2 cm. 
each. The endocardium of tlic left ventricle was smooth and shiny. The 
jmlmonary valve was delicate and of ti.s.sue tiajioi* tlHnnc.s.s. The cir- 
cumference of the mitral valve was, however, markedly reduced by 
fusion of the individual leaflets. The fusion of the leaflets jirovented 
flatteiiing out of the loft ventricle when the valve was .sectiouecl. The 
opening of the intact valve admitted only the tip of the index finger. 
It measured not over 1 cm. in diameter. Tiie fu.scd leaflets were m.ark- 
edly puckei’cd and rigid. At the free margin the valve measured 4.5 
mm. in thiekness. A few millimeters from tlie valve margin there were 
numerous .small, reddisli-piuk, verrucous lesions similar to tho.se on the 
endocardium of the hdf auricle. Again, none of the lesions wore friable, 
but they were moderately firm and difficult to remove. Tlic chordae 
tendinerk' were noticeably shoi-tened and a])preciably thickened. The 
aortic leaflets were distinct, but were .stiffened, and the margins were 
slightly puckered and thickened. The circumference of the valve was 
sliglitlv reduced. No verrucous lesions wei’c present on the aortic valve. 
The tricuspid valve was normal except for dilatation. 

^Micro.scopically, the right auricular tissue was normal. The tricuspid 
valve was likewise normal. The hall thrombus consisted of concent a-ic 
layers of fibrin and platelets, witli seattci-ed erythrocytes and a few 
leucoc\U.cs. No Aschoff; nodules were found in the myocardium of the 
right ventricle. Two pieces of tlie mitral valve were studied. The free 
margins of botli wei-e extensively thickened by connective ti.ssue, much 
of which was hyalinized. At a slight distance from the end of the valve 
the superior surface was covered by fibrin masses that were attached 
to the A’^alve by a single broad pedicle. Near the attached margins the 
underlying tissue was infiltrated by inflammatoi'y cells consisting cliiefiy 
of lymphocytes, a few large mononuclears, and an occasional poly- 
morphonuclear leucocyte. Tliroughout the area of infiltration liy in- 
flammatory cells there were scattered vascular spaces, some of which 
had relatively thick walls. The di.stal extremity of the aortic valve 
was thickened by hyalinized connective tissue. Only a few clusters of 
lymphocytes were seen near the outer margin. Tlie sections of the left 
auricle showed that a portion of the endocardium was considerably 
; thickened by connective tis.sue. On the outer .surface of the thickened 
endocardium there was an irregular layer of fibrin, in the interstices of 
which were Ijunphoeytes, large mononuclears, and a feu’- plasma cells. 
This irregular layer corresponded to the vegetations described grossly. 
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[ji llic epieardiuiii of oiio section tlierc was a zojie of! lK!uioi’i})a<ro. In tJic 
ravoeardiuin subjacent to the vegetations, many of the fibers were 
separated for slightly greater distances than normal by connective tis- 
sue. No Aschoff nodules were noted. Two sections of the left auricular 
appendage were studied micro.scopieally. Both contained a portion of 
the mui-al thrombus desenbed grossly. 

COJJMENT AKI> SmiMARV 

A case of ball thrombus in the right auricle of the heart is presented 
for the following reasons: (a) It is the first repoiled case of unques- 
tionable ball thrombus in the right auricle; (b) it satisfies all of the 
criteria laid down by Welch for a true ball thi-ombus; (c) it ])roduced 
a syndrome which, if encountered again, seems sufficiently characteristic 
to warrant consideration of a diagnosis of a thrombus acting as a ball 
valve mechanism over the tricuspid valve; (d) this possibility was sug- 
ge.sted in the pre.sent case before death (it is not believed possible to 
ascertain before death whether or not the clot is attached by a pedicle) ; 
(e) this ball tln-ombus was of unusual size, i.e., 6.8 cm, in diameter : those 
previously i-eported varied from 1 to 4 cm. in diameter. 

The syndrome which should lead to a consideration of ball tln’ombus 
for other freely movable thrombus) in the right auricle includes the 
following: fl) Dusky cyanosis of the face and neck; (2) engorgement 
'if the veins of the neck, with a .sy.stolic pulsation. This is even more sig- 
nificant if other veins, such as those of the arms and legs, .show engorge- 
’..ent or a .systolic pulsation; (3) marked dyspnea of o.\ygen hungei- 
vpe, without adequate e.xplanation in the foi’m of difficulty in respira- 
tory movement, obsti-uction, or congc.stion of the respiratory passages or 
lungs; (4) marked enlargement of the light .‘jide of the heart, e.specially 
the right auricle; (5) the pre.sence of old rheumatic heart di.sease (al- 
most univer.sal); (6) auricular fibrillation; (7) mitral .stenosis (not be- 
lieved e.ssential) ; (8) the pre.sence of a munnui- which could be e.stab- 
lishcd definitely as one of tilcuspid insufficiency — or, even better — 
stenosis. (The present authors su.spected tricuspid stenosis, but were 
never quite sure, and hesitated to make this rare diagnosis.) (9) 
marked engorgement of the liver, with a sy.stolic pulsation ; (10) a .series 
'It striking variations of this .syndrome from extreme severity to rela- 
tively normal conditions, and vice ver.sa, within short periods of time 
(si.x to forty-eight hours). This is the most important differential 
point between the po.ssibility of a loo.se, riding thrombus and permanent 
oi'ganie changes in the tricuspid valve. Particularly notewoi'thy was the 
marked change in the roentgenograms of the lieart within twenty-foui' 
hours, which occurred Feb, 24 to 25, 1943. It emphasized the impor- 
tance of making serial roentgenogi'ams during the fluctuating clinical 
phases whenever this .syndrome is suspected. 

Studies of particular interest which were not carried out in this 
ease would be serial, c:arefully controlled, direct venous, and. if po.ssible, 
direct arterial. pre.ssure .studies, and opaque medium studies of the 
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chambers of the heart. The effect, if any, of slow and sudden changes 
of posture would have been of interest. 

Several pathologic changes are worthy of further comment. In this 
heaiT, as in most instances of ball thrombi uTthe left auricle, the mitral 
valve showed definite evidence of stenosis. It lias been felt that stenosis 
encourages the formation and retention of ball thrombi. In this ease, 
however, although the thrombus was in the right auriele, there was no 
evidence of tricuspid stenosis— rather, the tricuspid valve was markedly 
dilated — although this was considered to be secondary to the pressure 
of the thrombus in its endeavor to pass through. It was difficult indeed 
to understand how sufficient blood to maintain life could pass around 
the enormous ball and through the valve. 

The hi.story and the roent genogi'ams of August, 1942-, suggest that 
this thromlms had probably been present for a period of six months or 
longer. 

Characteristically, auricular fibrillation was present. This favors 
the development of mural thrombi and probably their detachment. The 
incomplete, emptying and tendency to a rotary motion of the blood no 
doubt help to keep the thrombus from lodging permanently in the 
orifice. Tliese same factors tend to develop the spherical shape by mold- 
ing and grinding the .surface as new accretions are added. 
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Remington, J. W., Cartland, &. T., Drill, V. A., and S^wingle, W. W.: Purification 
and Bioassay of Tissue Extracts Capable of Lowering the Blood Pressure of 
Hypertensive Rats. Am. -T. Physiol. 140: 627, 1944. 

Tlie protein material contained in various hog tissue.s which will lower the blood 
pressure of the InTiertensive rat has been partially purified by ammonium sulfate 
and acetone fractionation steps. The evidence seems to suggest that this material 
is contained .solely in the albumin fraction. Horse serum was found to-be an 
exceptionally rich source of the active protein. 

A rat assay method for the te.sting of this active material has been constructed, 
based on the blood pressure reduction obtained in hypertensive rats after intra- 
muscular injections of the test material over a four day period. It has not been 
found possible to maintain the blood prcs.sure below the hj'pertensive level for 
longer than ten to twenty days, even though extract injections were given con- 
tinuously. 

The reduction in blood pres.sure does not appear to be due to a general reaction 
t ■ a foreign protein. Neither, however, can it be attributed to a single chemical 
• itity contained solely in the kidney. 

' Atrriior.s. 


Wiggers, H. C., and Middleton, S.: Cardiac Output and Total Peripheral Re- 
sistance in Posthemorrhagic Hypotension and Shock. Am. .T. Phvsiol. 140: 677, 
1944. 


Itilizing a “modified Stewart iletliod” for determining cardiac output, varia- 
tion.- of the latter and of total peripheral resistance (TPIt) were studied during the 
••our.-e of standardized liemorrliagif shock in relation to other cardiodtuiamic events 
and liemafocrit change.s. 


During a ninety minute period at -uO mm. Hg hypotension, and a sub.sequent 
iorty-d\e minute period at 30 mm Hg, cardiac output and stroke volume were 
rcfiueed to 29 to 45 per rxuit of the control flow- Although they were re.stored to 
norm.il in tlie majority of experiments immediately' after reinfusion, in some the 
■ e. mery v.as only to 4.o to fi5 per cent of control values. During the three hours 
in.((ding reinfusion, cardiac output decreased rapidly and was the chief cau.“e 
<'f the declining arterial blood pre.s.sure. In the final stage.s, cardiac output stab- 
‘ !•'' .It Ion levels, and the continued fall of blood jiressure was occasioned chiefly 
1‘f‘riphend factors. .Slowing and failure of the heart were often the ultimate 
st('p.' in 7he sorie.s of cardiodynamic events leading to death. 

Ilematoent reading.- indicated a hemodilution during the pr-riods of hypoten.sion 

e. nd a tendem-y toward concentnition following reinfusion of the blood. 

The cour.-e of events in standardized hemorrhagic shock is, therefore, .similar to 
that descnl.-^^d .n_ other cxperimeutal types in that (a) liemoconcentnition occurs, 
a < ( 1 .) propvpsive reduction of cardiac output i.s chiefly re.sponsible for the pro- 

f. r* .-ne de<dnie m arterial pressures after reinfu.sion. 




SKI.ECTEl) ABSTHAGTS 8T.1 

Despite the miivcTsallv fatal outcome, changes in the total iicripheral resistance 
wore extremely variable during the ])eriods of posthemorrhagic, hypotension and 
(luring eironlatory failure, whicli developed after reinfusiou of blond. The dif* 
ferent trends are analyzed. Argument.s are advanced that, physical factors con- 
cerned in sueli- changes can be evaluated, and that an estimate of directional 
change.s in vasomotor lone cim be m.ade. Supplementary erddence is cited from 
wliich the conclu.«ion i.*; reached that humoral or metabolic facfor.s jday a eonsidorablo 
role in these changes. ' , 

In the method for producing sliock by holding mean arterial i>rossurea at suc- 
cessive levels of 50 aud 50 mm. llg for specified intervals of time, cardiac output 
was reduced to 20 to 45 per cent of the original Wood flow. Such range.s of 
reduction indicate that the jwocodure recommended for the. rather regular production 
of hemorrhagic .«hock doe.** not re.snll in equivalent reduction.s of circulatory value.*^ 
when applied to din'erent animals. Of course, the possibility thnt other factor.s may 
enter cannot be excluded. 

Aimioiis. 

Hamilton, W, r.. Woodbury, R. A., and Harper, H. T., Jr,: Arterial, Cerebro- 
spinal, and Venous Pressures in Man During Cough and Strain, Am. .T. Pliysiol. 

141; 42, 2044. 

Differential pressure records, which separate the changes in arterial pressure 
which are due to simple propagation of intratlioracio pre.ssuro from tliose which are 
duo to changes in blood flow, are siiown. It is shown that increaso.s due to the first 
of the above eause.«, strain only the jieriphernl arteries, wlierea.s increu.scs due to 
changes in blood flow* or to chango.s in peviphonil resistance, strain also Hie vital 
arteries to the brain, spinal cord, and viscera. 

The nature of the cerebrospinal pre.ssure pulsations i.s discussed. 

During the preliminary ])re.«sure ri.=o of tlie cough, people wliose circulation i.s 
hypodynamic show arterial pressures which arc no higher Ilian simultaneous intra- 
thoracic pressures. During brief intervals there is, therefore, no effective head of 
pre.ssure to irrigate the coronary or other vital va.scular beds. 

During the expulsive pltase of the cougli, the arterial jiressure may continue 
to rise while the intrathoracic pressure is going down, or the arterial pressure may 
descend more .slowly tlian the intrathovaeic pressure. Tliis signifies that the pressure 
distending the aort.a is rising and, .since it often occurs during dia^stole, it implio.s 
that during the expulsive jdm.so of a cough blood is forced from the lungs through 
the relaxed left heart aud into the aorta. 

The cough may force blood into the aorta in cases with liypodynamic circulation 
. and in eases with congestive heart, failure. This may occur in normal individuals 
but no evidence has been obtained to support the idea that it does. 

Author.s. 

stead, E. A., Jr., and Warren, J. V.: The Effect of the Injection of Histamine 

Into the Brachial Artery on the Permeability of the Capillaries of the Porearm 

and Hand. J. Clin. Investigation 23: 279, 1944. 

Histamine injected intra-arterially increase.s the permeability of the capillaries 
supplied by the artery. Tlie rapid loss of protein from the plasma can be detected 
by comparing the blood draining from tlie part before and after the injection. 
The hematocrit reading and hemoglobin concentration increased markedly while 
the protein concentration rose only slightly. 

A reaction similar to that produced by liislamine is not seen in uninjured tissue 
in the usual tj^ies of shock. 


,A.TJTH01!.S. 
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BaUey, c, C,, and Betts, E. H.: Cardiac Arrhythmias Pollowing Pneumonectomy. 
Xcw' England .7. :Med. 229: 350, 1943. 

Functional cardiac arrhythmias, e.spcf-.ially auricular tibrillatioii and auricular 
flutter, occurred in eight of 78 patients who received total pneumonectomy but had 
no evidence of heart disease. In the authors’ opinion, these arrhythmias alone do 
not indicate heart disease. 

It seems best to restore the heart to normal rhythm as soon as practicable, cither 
by rapid digitalization or, in selected cases, by quinidinc sulfate, since heart failure 
may result if an excessively rapid cardiac rate continues over many days. 

The etiology- of these arrhythmias is unknown. The hypothesis is suggested that 
the precipitating factor is vagal irritation from a stitch abscess or infection of the 
bronchial stump, in the presence of hyperexcitability of the auricular muscle re- 
sulting from marked displacement of the mediastinum. 

Authors. 

Currens, J. H., White, P, D., and Churchill, E. D,: Cardiac Arrhythmias Follow- 
ing Thoracic Surgery. Ifew England J. Alcd, 229 ; 3C0, 1943. 

Cardiac arrhythmia is occasionally noted following thoracic surgery. Twelve pa- 
tients are reported from a series of 56 who underwent surgery for carcinoma of the 
lung or esophagus. Eight had auricular fibrillation, and four .auricular flutter. 

Age .seems to be a predisposing factor, since arrhythmia of the heart seldom 
occur.s following thoracic surgery below the age of 40 years, 

Quinidine sulfate may be used to advantage in such patients as a prophylactic 
measure during the postoperative period. 

Authors, 

Mayer, 0. P,, Lepera, L., and Pataro, F. A.: Character of the Precordlal Ven- 
triailar Complex In ECG Tracings With Deviation of the Electric Axis to the 
Left. Rev, argent, de eardiol. 10: 223, 1943. 

The precordial leads have a definite pattern in ertses of left ventricular strain. 
In other types of left axis deviation, they do not differ from the normal controls. 
Therefore, the precordial lea/ls are of value in the differential diagnosis between 
left ventricular strain and other types of left axis deviations. In the latter cases, 
when the precordial leads differ significantly from the normal, a coronary disease 
maj- be suspected. 

Authors. 

■fuskis, A. S.: Aneurysm of the Eight Pulmonary Artery With Eupture Into 
Bronchus, and a Patent Ducttis Arteriosus; Eeport of a Case. California & 
SVest, Med. 58: 272, 1943, 

A congenitjii aneurysm confined to the right branch of the pulmon.ary artery, 
e.itii rupture into the bronchus and a patent diictu.s arteriosus, is reported. An 
.tnte-inortem diagnosis, which was confirmed at autopsy, was made by the x-ray 
deprirtriicnt of tlie State University of Iowa. Thi.s c.ase report makes a total of 
thirty-one ca.ses diagnosed ante mortem, and a total of 144 emses reported to the 
pre.'cnt time, fiie pjatient had relatively few symptoms and signs. There was no 
elevation of bloo-l pressure, no prominence of the left side of the chest, no right- 
.“ided cardiac In-pjtrtrophy, and no electrocardiographic changes. The roentgen ray 
vas unque.sttonably of chief a.s.sistance in establishing the diagnosis. The occur- 
rence of tke^c aneurj-sms is rare, but it is import.ant to emplia.^ize their con.‘dderation 
in the diiTercntial diagnosis of hemoptysis. 


Author. 
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Hurst, A., Bassia, S., and Levine, I.: Miliary Densities Associated With Mitral 

Stenosis. Am. Rov. Tnberc. 49: 276, 1944. 

Cliest x-ray surveys for tuhcmilo.sis are productive of a great deal of informa- 
tion on nontuberculous conditions. 

Several cases of bilateral, symmetrical, diffuse, noduhir, pulmonary den.sitics a.s8o- 
ci.ated until rheumatic mitral stenosis were discovered in draftees. 

These railiary densities must he carefully distinguished from similar appearing 
condition.^, such a.^; miliary tuberculosi.s .sarcoidosis, pncumonoconiosis, carcinoniatosi.s, 
etc. 

An explanation for the varying roentgenographic appearance has boon offered 
in the light of the probable pathologic an<l pliy.siologic background. 

Atmion.s. 


Wedum, A. G.. and Wedum, B. G.: Rheumatic Infections in Cincinnati Hospitals. 

Am. .T. Dis. Child. 67: 1S2, 1044. 

There ua.s a total of 3,475 admi.xsions of patients ivith rheumatic infections to 
all hospitals in Cincinnati for the period from Jan. 1, 1930 to Dec. 31, 1940. 
Analysis of the records of those admissions and comparison with similar data ob- 
tained in Philadclpbia for the period from 1930 tbrougli 3934 revealed the following 
fact.s : 

The rheumatic syndrome wa.s more nearly the same in Negroes in the two cities 
than it was in white, persons. Negroes constituted a considerably greater proportion 
of the patients with rhemniitic heart disease with rheumatic fever, and a some- 
what smaller proportion of those with chorea than would be expected from their 
proportion in the population and in patients admitted to ho.spitals. Chorea is more 
common in Negroes than is generally realized. 

In white pcr.sons in Cincinnati tlie incidence of rheumatic fever was lower, and 
the acute manifestations were less frequent, tlian in Philadelphia, and both mqr-, 
fiidity and case mortality among children were lower. Among adults above the 
age of 35 year.';, the annual incidence of rheumatic heart disease per hundred thou- 
.«and of population was gieater in Cincinnati; this group accounted for more of 
the patients who died in Cincinnati than in Philadelphia. Adequate convalescent 
cure for white children, and comparatively inadequate length of hospitalization for 
lulults in Cincinnati, provide a possiiilc explanation for these diiferences. 

The data accumulated in tliis survey tend to corroborate the growing conviction 
that convalescent care, of proved value for children with rheumatic fever, should 
be given also to young adults. This concept is of ma^or importance in handling 
rheumatic infections among young persons in military service. 

.Authors. 

Kuttner, A. G., and Krumwiede, E.: Observations on the Epidemiology of Strep- 
tococcal Pharyngitis and the Relation of Streptococcal Carriers to the Occur- 
rence of Outbreaks. J. Clin. Investigation 23: 139, 1944. 

Major and minor outbreaks as well as sporadic cases of streptococcal pharyngitis 
occurring in groups of rheumatic children in a .sanatorium during a six-year period 
are described. 

Major butbreak.s 'were due to Group A .streptococci of a single type not pre- 
viously present, and were not preceded by a rise in carrier rate. 

Minor outbreaks were preceded by a slow spread from carriers to other individ- 
uals without, at first causing infection. Sub.sequently, a small number of clinical 
cases due to these types developed. 

Sporadic cases arose directly, from carriers and were not preceded by a dissem- 
ination of the streptococci to healthy individuals. 
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The length of the carrier state was studied. 

Twentv-nine per cent of tlie children admitted during the summer and fall 
monfhfi were carriers of Group A hemolytic streptococci. With few exceptions, these 
microorganisms did not .spread to other individuals and disappeared after a few 
months. 

The epidemic-inducing tyjies of streptococci persisted longer in “post-infection” 
than in “contact” carriens. 

Tlic length of the carrier state was not related to the presence or absence of 
fon.sils. 

ATJTIiOR.S. 


Kuttner, A. G., and Lenert, T. F,; The Occtirrcnce of Bacteriostatic Properties 
in the Blood of Patients After Eecovery From Streptococcal Pharyngitis, ,T. 
Clin. Investigation 23: l.ol, 1944, 

"rite development of bacteriostatic properties in the blood of cbildrcn, after 
recover}' from uj>per respirator}' infections due to Group A streptococci of a single 
fype, is reported. 

A'CTHORS. 


Higgins, G. K.: The Effect of Pulmonary Tuberculosis Upon the Weight of the 

Heart. Am. Ilev. Tuberc, 49: 2d5, 1944. 

The total heart weights of 000 carefully selected patients d}'ing from pulmonaiy 
fuhorciilo.sis have been tabulated by age, body length, and estimated body weight. 
Thc.se have been compared with normal heart weights selected from the literature. 

Bight ventricular weights above Muller’s averages were found in 2.3 per cent 
'll the tuberculous patients and a ventricular ratio (1j/K) of le.^s than 1.3 was 
'.■-sent in 40 per cent. The right ventricle weighed more than the corresponding 
left in 1') per cent of the tuberculous patients. 

It was not possible to determine a definite relationsliip between right ventricular 
hypertrophy and jileural adliesions, pulmonarv' collapse, or the type and extent of the 
pulrnonaiy tuberculosis. 

A definite relationship existed between right ventricular hv'ijcrtrophy and the 
flinii.-al duration of the diseiise. 

J.eft ventricular hypertropliy was not noted in this scries. 

A theory has been presented to explain the presence of right ventricular h}'per- 
ropliy in some patients and its absence in others with .similar tuberculous lesions. 

A L'TIIOK. 


Gordan, G., Soley, M, H., and Chamberlain, P. h.: Electrocardiographic Features 
Associated With Hyperthyroidism, Arch. Int. hied, 73: 148, 1944. 

In this series of cases of hyperthyrohlism the noteworthy' electrocardiogniphic 
in order of frequency were: (1) sinus tachycardia, (2) various abnormali- 
tie.' <:t the T waves, of w-hich low amplitude and notching were the most common, 
auricular fibrillation, (4) partial auriculovcntrieular block, and (5) in rare 
inst.ii.ees, auricuhir flatter. After exclusion of other eau.ses for electrocardiographic 
abnons'.alitir-s, the incidence of these findings was the same for the younger (14 
to ,0 }c.irs of age) and for tlie older (41 to 75 years of age) groups of palienls. 
After treatment of h}'perfli}'roidi.<-m, tlie abnormalities tend to disappear. In the 
prc-H-nce of iiyiK-rthyroidism, electrocardiogntm.s must be interpretc'l with caution, 
smte they may siinuhite those of persons willi organic lieart, disease. 


ATJTiiO}'.f;, 
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Middleton. S., and Wiggers, C. J.: The Effects of Kcnin and Angiotonin on 

Cardiac Output and Total Peripheral Eesistance. Am. .T. I^hysiol. 14:1: 12S, 

3P44. 

The effect of Teiun and angiotaniii on cardiac, output \Ya3 studied by a refined 
quantitative cardiometer method. 

Small doses cause insignificant changes in sy.stolie discharge in the direction of 
slight increa.ses or <lecreaso.s, hut the concomitant slowing reduces cardiac output 
per minute slightly. A stiidy of chtinge.s in total peripheral resistance indicates 
that the pressor rise offer.s a reasonable indication of the magnitude of peripheral 
va.soconstriction. 

More potent do.sos, generally those which cause a pressor effect of 30 mm. Hg or 
morCj ro.sult in a variable reduction in systolic discharge and, togetlicr wdth cardiac 
slowing, may reduce cardiac output per minute very significantly. In such in- 
stances, pros.‘!or effects nndcrestimate the clmngc in total peripheral xesi.stance 
considerably. 

Since such cardiac deprcs.<ion may per.«ist after use of larger dose.«, the return 
of arterial pressure to control levels may not be a sign that its x’cripbcral action 
has passed off. In all tests requiring repeated injections, it is recommended that 
-doses be used which do not evoke pressor effects in excess of 30 mm. Hg. 

AUTHOItS. 

hliddleton, S.: The Effects of Benin and Angiotonin During Hemorrhagic Hjtjo- 

tension and Shock. Am. ,T. Physiol. 141: 3.32, 1044. 

The effects of renin and angiotonin in doses causing a pressor response of 30 
nun. Hg, or less, were determined during two stages of posthemorrliagic hypotension 
and at various periods after rcinfusion of the blood, i.c., during development of 
precipitate or delayed circulator^' failure regarded as characteristic of shock. 

In confirmation of other investigators, it was found that the pressor responses 
to both of these agents diminished and then disappeared during the i>rolonged hypo- 
tension, ljut recovered and increased progressively .after rcinfusion of the blood, 
de.‘'pite the development of circulatory failure. 

The re.«ults failed to suiiport the sugge.^tion that the mechanisms by which renin 
is activated are implicated in the development of circulatory failure, and that the 
gi'adual return of resimnsc during progressive circulatory failure after reinfusion 
remains unexplained. 

Aitthor. 


Jonnard, B., and Thompson, M. B.: The Nature of the Pressor and Depressor 

Pactors Derived Prom the Blidney. .1. Am. Pharm. A. 32: 260, 1043. 

Abirious hypotensive kidney extracts have been fractionated and the acute effects 
upon the carotid and femoral arterial blood pres.sure, pulse rate, abdominal vasomotor 
system, respiration, and electrocardiogram have been studied in anesthetized and 
nonanesthetized dogs and cats. The substance or substances which o,re responsible 
for the production of prolonged hj'potension in normal animals are characterized by 
their solubility in water, strong alcoliol, concentrated acetone, dicldoroethylene, by 
the presence of phenolic hydroxyls of a tryptophan group, by the absence of free 
liistidine, or reducing properties, or sterols, lipids, and phospholipids groups, by their 
destructive oxidation by vegetable phenolase, by their slow' mobility in the electro- 
phoretic field, by their isoelectric imint between pH 3.0 and 7.0, and by their in- 
capacity to traverse ultrafilters. These facts indicate the presence of complex 
molecules which are re.spousible for the slow' resorj)tion rate. This, in turn, ex- 
plains the prolonged hypotension produced when these substances are injected sub- 
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nutaneously or intramupculurly. The pliannacologie properties! of the kidney Jiypo- 
tensive extracts described and their effeets npon the arterial blood pressure and the 
action current of the heart arc apparently not specific of the substances considered 
when compared with records obtained in human cases of essential hypertension. The 
destructive oxidation of renin and of the hypotensive kidney extracts by vegetable 
phenolase (tj-rosinase) has been studied. It has been demonstrated that, while 
renin yields upon oxidation an un.stable .strongly hypotensive substance, the o.xidation 
of the hj-potensive kidney extnicts yields an inactive preparation, and that the two 
reactions proceed independently in niixfnre.s containing both factors, so that there 
is no in vitro chemical antagonism or reciprocal neutjalization between renin and the 
kidney hj-potensive fraction.s isolated. The possible role of fhe.se siib.sfance.s and 
of renin in the patliogcncsi.s of hypertension of renal origin has been di.scu.ssed in 
the light of a number of clinical facts reported to date. It is advanced that po.ssibly 
the role of the kidney derangement is more of a metabolic nature tluin of a 
humoral one. On the other hand, re.sults of the oxidation experimenf.s reported 
suggest a new therapeutic approach worth further investigation. 

.TON-X'Af!D. 


Treenfield, L: Thrombosis and Embolism of the Abdominal Aorta, Arm, Tnt. 

Med. 19: 606 , 194^. 

A case of embolism of the abdominal aorta i.s reported. 

The as.sQciation of miliary tuberculosi.s, jjeritonifis, urinary sepsis, and yellow 
atroplij- of the liver with thrombosis of the abdominal aorta was noted. 

Variations from the classical clinical .syndrome of occlusion of the abdominal 
aorta were cited. 

Five additional cases of occlusion of flic abdominal aorta were added, making 
the total number of ease.? now on record ICI. 

AuTiroR. 


Watson, J. E., Lichty, J. M., Hill, J. M., and Miller, K. B.: The Use of Venograms 

for the Localization and Study of Arteriovenous Fistula. Surg., Gynee. & Obst. 

76: 659, 19«. 

Three cuse.= of arteriovenous fi.stula of the common femoral vcssel.s are rciiorted 
in which venography was proved to be a reliable mcan.s of locating the level of the 
listnia. 

Studies of the venograms in each instance .showed the vein distal to the fistula 
to be normal. 

fho venograms demonstrated a marked difl'crenco in the collateral venous eircula- 
-n tjctweea one case in which the vein Jiad been ligated di.'-lal to the fintuhi at 

w time of injury for control of hemorrhage, and two cases in which thi.s had not 
be!*n nr-cessarv, 

JJgation of the vein distal to tlie fistula appear.>! to liave the same beneficial effect 
on the extremity that ligation proximal to the fi.«fula has on the heart. 

AljTJtOI!.S. 


Eeich, N. E.: Occlusions of the Abdominal Aorta: A Study of 16 Ca.ses of 

Saddle Embolus and Thrombosis, Ann. fnt. Med. 19: ."!G, 191.3. 

Occlusion, of the abdominal aorta .'■houid be stronglv .suspected tvhen there is a 
sudden onset of jmin of varying intensity in the lower extremitie.s and pelvi.« with 
lemptmture and color change.*!, sensory disturbanee.s, and weakness oj- paralysis. 

IS possibility Irecomes greater wJien occurring in females with auricular fibrillation 
• ue to rioumatic heart disease, e.«i,e<.-ially when signs of embolization have oc- 
curred in other organs. An early diagnosis may re.suit in cure or arrest by surgical 
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intervention (etnboleetoiny). liejvarinization, or other appropriate medical measures 
(leseril)od lierein. 

Author. 

Doane, J. C.: Emholism and Tliromhosis of the Popliteal Artery— Diagnosis and 
Treatment. Ann. Int. :Med. 19: 634, 3943. 

Eleven cases of popliteal occlusion were presented. Comments on the symptoms 
as related to diagnosis were made. The necessity of early diagnosis Avas stressed, 
it being staled that treatment, whether it be radical or conservative, must be begun 
within the lir.-^i .six hours if good results are to be expected. 

The value of a carefully planned conservative inutine was pointed out. ' Tl:e 
teclmique of heparinization was luiefly de.scribed. 

Author. 


Chamberlain, E. N.: Bacterial Aneurysm. Brit. Heart J. 5: 123, 3943, 

Three lunv case.s of bacterial aneury.sm are described: one of the femoral 
artery, one probably of the radial artery, and one of the me.senteric artery. The 
last ruptured, causing death from hemorrhage into tlic peritoneal sac. The posj 
mortem iinding.s are recorded in two cases. 

Nineteen other case.s have been collected, reported since 3923 when the subject 
was fully dealt with by Stengel and Wolferth. These have been anal 3 -zed. 

Author. 

Hamilton, W. F.: The Patterns of the Arterial Pressure Pulse. . Am, J. Ph 3 \sioI, 
141: 236, 3944. 

The pressure pulse patterns in various arteries are described in terms of the 
filling and empt.ving of the arterial tree and the added reflected waves rvliich are 
contributed by the various arteries. It is shown that these waves are reflected from 
constricted arterioles, and that the form of the pulse may be used to evaluate the 
role of vasodilation in producing hypotension. 

Author. 

Warren, J. V,, and Stead, E. A., Tr.: Fluid Dynamics in Chronic Congestive Heart 
Failure: An Interpretation of the Mechanisms Producing the Edema, In- 
creased Plasma Volmne and Elevated Venous Pressure in Certain Patients With 
Prolonged Congestive Failiire. Arch. Int. Aled. 73: 138, 3944. 

Edema develops in chronic congestive failure because the kidneys do not excrete 
salt and water in a noraial manner. This disturbance in renal function is related 
to the decreased cardiac output, and not to engorgement of the Iddneys from an 
increased venous pressure, because the salt and water retention may occur before 
there is a rise in venous pressure. 

The increase in the plasma Amlurae is a manifestation of the retention of salt 
and water. The resulting decrease in concentration of the plasma proteins usually 
stimulates pi-oduction of plasma protein so that the total amount of circulating pro- 
tein increases. The plasma volume is thus increased in size without a marked 
lowering of the osmotic pressure of the plasma proteins. 

In due time, the increase in tlie blood volume and the extracellular fluid volume 
causes a rise in tlie venous pressure. The osmotic pressure of the plasma proteins 
and the increased pressure of the extracellular fluid provide the physical forces 
Avhich enable the large plasma volume to be maintained in the presence of the 
high capillary pres.surc which results from the high venous pressure. 

Local differences in venous pressure are of importance in that they determine 
the placement of the salt and water which are retained by the kidnej's in con- 
gesth'e heart failure. 



878 


AMEinCAX HEAKT JOURNAL 


Oilier factors than retention of salt bj' the k'nlncys account for the rific in 
venous pressure in acute Iieart failure. In many patients the rise in venous pres- 
sure Tcpre?cnt.= the summation of tlie efre<-ts of acute ami chronic lieart failure. 

Authop-s. 


Rinzler, S. H., Travell, J., and Civin, H.: The Oscillometric Index: An Aid in 

Evaluating the Arterial Status of the Iiower Extremities. Arch. Int, Med. 

73:' 241, ih44. 

TJiC oscillometric imle.v (ratio of the oscillometric reading at the ankle to that 
.at the wrist), the cutaneous temperature following posterior tibial neiv'e block, 
and the presence or absence of calcification of the vessels of the lower extremities 
in the roentgenogram were determined for eighty-four ambulatoiy patients with 
heart disease. 

A correlation of the data obtained hy these three laboratory aids (oscillometry, 
cutaneous temperature test, and soft ti-^sue roentgenogram) shows that, as the 
osciliometric inde.x decreases, the incidence and erctent of calcification of the vessels 
of the lov.-er extremity, and the incidence of abnormal cutaneous temperatures in- 
crease. 

In the presence of a normal circulation in the upper extremity, an oscillometric 
inde.x of 0.7.5 or more almost always indicates adequate arterial function in the 
lower e,xtrcmity. Similarly, an index of less than 0.75 indicates .sclerotic changes 
in the arteries of the leg, probably with calcification, and an index of 0.5 or less 
indicates extensive csilcification and ptrobably advanced occlusi've arterial disease. 

The oscillometric inde.x is of greater value in estimating the imesence and degree 
of arteriosclerotic disease in the lower extremity than is the oscillometric reading 
at the foot or ankle when the latter readings fall v.ithin an intermediate range of 
ah'. Lit 1 to 4 at the ankle and % to 2 at the foot. 

An oscillometric reading of 4 at the ankle or more than 2 at the foot nearly 
always indifmtes normal arterial flow, and a reading of less tlian 1 at the ankle 
ur 0 at the foot indicates occlusive arterial di.sea.se. 

Roentgen examination for calcification of the vessels usually affords the earliest 
evidence of artcrins<;lerosis of the lower extremities, 

linal appraisal a.= to the degree of rK;clusive arterial disease of the lower ex- 
tremities ideally sIiouM be based on exjuninations which include determination of 
hr.ih tlie o.-cihometrie index and the vasodilatation temperature. 

Duplicate detenninations of cutaneous temperature on ten patients showed that 
.1 %ariat!oii of several degrees (<’.) ui the room temperature does not materially 
mflTience the vasodilatation teiajK-rature after posterior tibial nerve block, 

AUTHOP-S. 


KohLstaedt, K. G., and Page, L H,: Hemorrhagic Hypotension and Its Treatment 
hy Intra-Arterial and Intravenous Infusion of Blood, Arch Surg. 47: 17S, 

producing hemorrhagic slioek is described y.hich produces severe 
^ I'OtensioR •uitbout increase of bacterial contamination or the use of 

aurifoagulants. Spontaneous recovery does not occur. An 
1, -r.ntu.. i. dt .-i rihed for return of the blood removed through an .arterv under 
< <;ritrr.fh‘d pressure. 

^ cfTcf ts of the hypotension on the vascular .sv.stem wjis ascer- 
, \ I'’’* ' to angiotoniri or epinephrine. If the response is 

chance of survival is poor, but the return of 

si.'c f.f 5.-1 rerno.cd js returned by the intra-arterial route un/ler a pres- 

-5 - .a.e- 0 . mercury tue systemic .arterial pressure rises rapidly and recovery 
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occurs. Tlie same nniotmt uf blood given intravenously u.sually causes recovery, 
but not quite so certainly us blood given into an artery. 

Headininislration of only 50 per eejit of the blood by vein resulted in recovery 
of oO per cent of tlic dogs, while the same, amount given intra-arterially resulted 
in recovery of 75 per cent. 

Wlien blood is given intra-arterially to animals with severe hypotension two 
precautions should bo observed: First, the inessurc should not be greater than 
50 mm. of niereury, and it should be elevated stepwise. Second, the, rate of ad- 
ministration of the fu.‘=ion should be guided by the venoms ])ressure. 

Intra-arterial infusions have been given three patients in severe shock to demon- 
.«trate the practicality of the procedure. 

It is .«uggosted that the nietliod may have value when the anionnf of plasma or. 
blood available is insufilcient or when the arterial pressure is excessively low. 

AUTHOIIS. 

Eich, Arnold R.: A Peculiar Type of Adrenal Cortical Damage Associated With 

Acute Difections, and Its Possible Relation to Circulatory Collapse. Bull. 

Johns Hopkins Hosp. 71: I, 104-1. 

Various acute infeefion.s [iroduco damage to the adrenal cortex, leading to necrosis 
of isolated cells, and to a striking transformation of the solid cords of the zona 
fascicnlata into tubular structure.^ containing an inflammatoiy exudate. 

The possible relation of this adrenal cortical damage to the circidatoiy collapse 
that occurs in some of the ]>atienfs wiio suffer from these infections, is suggested. 

Author. 

Cole, W. H., Allison, J. B„ Murray, T. J., Boyden, A. A., Anderson, J. A., and 

Leathern, J. H.: Composition of the Blood of Rabbits in Gravity Shock. Am. 

J. Phy.^iol. Ill: 105, 1944. 

Rabbits .‘juspended head up, without anesthesia, beetune unconscious in from 
twenty to one hundred and twenty minutes, even tliough breathing continued at 
a rate about one half that of normal. Thirty per cent of the animals died within 
tweut}*-four hours although :dl external symptoms appeared normal. 

Other changes resulting from suspension were: (a.) marked reduction of blood 
pressure, (b) suppression of urine flow, (c) metabolic acidosis (i)H — 7), (d) 
deerea.sed blood carbon dioxide and venous oxygen, (c) increased plasma lactate, 
phosphate, pyruvate, pota.ssium, and nonprotein nitrogen, (f) increased or de- 
creased plasma glucose, and (g) decreased plasma chloride in well-fed animals. 

There were no constant or significant changes in hematocrit, plasma specific 
gravitj', protein, sodium, or c.alcium, or in the blood cell counts. 

Hemoeoncentnition did not occur. 

Suspension resulted in a peripheral circulatory deficiency leading to tissue hypoxia. 
Altered concentrations of certain blood metabolites occurred, which were useful in 
determining the .severity of sliock, and the cour.<;e of recovery, when the rabbits 
were returned to the horizontal position. 

Authors. 

Houchin, O. B., and Smith, P. W.: Cardiac Insufficiency in the Vitamin E 

Deficient Eahhit, Am. .T. Pliysiol. 141; 242, 1944. 

We have shown that rabbits in a state of nutritional muscular dystrophy as the 
result of Vitamin E deprivation exhibit the following signs of severe myocardial 
damage : 

A gi-eatly increased sensitivity to x)osterior pituitarj- extracts; they are killed 
by doses much smaller than those which are well tolerated by normal control animals. 
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A higli resistaiict* to tlir; toxic cfTectH of tlio cardiac glycosides; tlicir lives are 
preserved for several days beyond the predicted time of death in the majority of 
cases, by doses of digoxin or ouabain which are lethal to normals. 

Probable cardiac dilatation, as revealed by tliOTacic x-ray films, 

Prom the.se finding.^ we conclude that the sudden death of Vitamin B fletieient 
animals in an advanced stage of muscular dystrophy i.s due directly to myocardial 
failure. 

.Atnitoii.s. 


Mayerson, H. S.: Orthostatic Circulatory Failure (“Gravity Shock”) in the 
. Dog. Am. .T. PJiy.^ioI. 141: 277, ,1944. 

Anesthetized dogs, su.spended in the upright (feet down) position for twenty 
minutes to four hours, sliow varying degrcc.s of hypoten.siori, progres.'-'ive hemocom- 
.•ntration. and marked incrcasre.s in arterio-venous oxygen and carbon dioxide dif- 
ferences. After ten to twenty minutc.s, the jilasma protein level diminishe.s, while 
the protein concentration of lymi>h increa.se.s. liiese change.s ciiii be rever.8e/l by 
returning the animals to the horizontal po.^ition and approximately controlled values 
are achieved in about thirty minutes. 

Animals kept in the ujiright position are extremely .‘•ensitive to hemorrhage, 
Irrex'cr.sible failure is oft™ precipitated by the withdrawal of relatively small quan- 
tities of blood ('!0 to do C.C.). This can usually be prevented, and the rcspon.se 
of tilting improved, by the infusion of saline and/or blood during the upright 
period. 

AuTtroi!, 


Stead, E. A., Jr., and Warren, J, V.: The Protein Content of the Extracellular 
Fluid in Normal Subjects After Venous Conge.stion and in Patients With 
Cardiac Failure, Anoxemia, and Fever, .f. Clin. Jnvestigation 23: 283, 1944, 

The tiltrate from the capillaries of the skin tind subcutaneous ti.“sue.s nonnally 
i'ontains soine jjrolein. On the average, it does not contain more than 0.24 gnirn 
pnr cent of protein. It probably contains iriucli le.s.?. 

Elevation of the venon.= j/rcs.-’iire in the leg to a level equal to 30 rnni. Tig, pro- 
ducc-.'- (Ulema which contains from 0.4 to 1.3 grtiins per cent of protein, tvith an 
;ivcrag(> of 0,8 grams per cent. 

f arfijar- failuie doe.- not make the capillarie.s of the leg more piermeable to protein, 
Generalized anoxemia, sutheienr to cau.^e impaired cerebral function, does not 
eau.'-e increti.ied permeability of capillarie.s in the leg. Although local ischemia 
. ro iucea ('ajullary damage and ietikage of protein, generalized stagnant anoxia, 
•'! !! degree c/impatible witlj life, iloe.i; not make the capillaries of the leg more 
(■".•7;, cable to protein, 

1 cter and a'lite infectious di.^-ease cause no abnormal inerease in permeability 
to firotejn in the l•a})^IIaries of the leg. 

.Arrnoes. 


v^Obtinie, M., and Ceccolini, E, M.: Heart Disease in Selective Service Examinees. 

A Study of 20,000 Examinee.s in the Pacific Northwest. .Am, .1 Af. He. 207: 
205, Ib-u. 


-t .‘-tad;, of 20,000 eon.^eeuf ive Heleetive Service evaniinee.s, repre.senting a ero.“.s- 
o'Vtion of male population 20 to 45 yearr of age in the Pacific. >7orfhwr-st, reveled 
! iP exjf-tere-e of heart, disease in 288 men, an incidence of 1,44 jsjr cent. This 
tigure cf-r..8tituted 0 p--r cent of rejections of all j.hy.sical and mental defects. 

disease was ob.^erved j„ js'.i examinee.s or 03.5 per cent of 
o .ic roj.ausoT;.-- titi.i 9.1,5 men |K;r 1,000 examined. Congenital heart discas" 
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followed in frequency, occurring in ?.*) men (12.2 ])er cent of rejections for heart 
disease, or 1.75 men per 1.000 examined). There were nine instances of arterio- 
sclerotic heart disease, six examinees with hypertensive heart diseasOj three cases 
each of hyperthyroid heart disease and effort .<yndrome (ncnrocircnhitory asthenia), 
two instances of paroxysmal tachycardia, a.nd one ctisi; of chronic, constrictive peri- 
carditis. 

There were -tO cases of organic; heart disease of intkaown etiology, or U5 per 
cent of total cardiac rejections and 2..‘> tnen per 1,000 examined. 

Tn the ISa exanunees rejected for rheumatic heart disease the mitral valve was 
involved alone in ld2 cases (3.1 per cent), the aortic vtilve wjis involved aloiie in 
eight examinees (4.1 per cent), ami comlnned mitnil and aortic, valve defects wore 
observed in 2.3 cases (12..1 per cent). 

Functional tmirmurs were noted in 207 examim.-es, an incidence of 1.4S ]te.r cent 
of the total number of men examined. This figure represents an incidence sligiitly 
higher than that observed for all forms of cardiac, disease combined. 

The figure of 2.SS men rejected for heart disease (1.4-t per cent of 20,000 exam- 
inees) is of intere.st in comparison with 4,S20 rejected for all physical and mental 
defects (24.1 per cent of examinees). 

Aitthoks. 

Plentl. A. A., and Page, I. H.: The Action of Crystalline Proteolytic Enzymes on 

Angiotonin. .1. Fxper. Med. 79: 20.*i, 1944. 

Angiotoniu was subjected to enzymatic digestion by crystalline carhoxypeptidiise, 
chymotryp.sin, trypsin, and pe{»S)n. Tiiese enzymes were found to destroy it in 
vitro. Hydrogen ion optima and jiroteolytic eoefricients for tho.se reactions were 
determined tind were found to be of aiiproximately liie expected magnitude for 
typical substrates. 

.Regarding the jmritied crystalline enz.ymes as reagents, the experimental findings 
were interpreted on the basis of llergmann's specificity studies. The authors were 
thus directed to the c.imc.lusion that angiotonin contains (1) a free terminal amino 
group, (2) a free terminal carboxyl group. (3) one basic amino acid re.siduc which 
may be terminal but its carboxyl must be united in a ])eptido linkage, (4) one 
central dibasic amino acid residue iu combination with an aromatic amino acid 
residue, (5) an aromatic amino acid re.^^idue which may bo part of (4) and, if not 
part of (4) must be terminal with its carboxyl group in peptide linkage. The 
simplest conqiound satisfying these conditions is tyrosyl-arginyl-glutamyl-phcnyl- 
alanine or a combination of amino acids with similar general characteri.stics. 

AUTHOItS. 

Koffler, A., and Freireich, A. W.: Thrombophlebitis as a Hitherto Unreported 

Complication of Thiocyanate Therapy of Hypertension. Am. .1. Al. Sc. 207 : 374, 

3944. 

Four cases of thrombophlebitis (an incidence of 10 per cent) are reported as 
occurring in the course of therapy of liypcrtension with thiocyanate. This high 
frequency is much greater than can be explained on pure coincidence, and must be 
accepted as a toxic effect which has not been previously reported. 

It does not apj)eav to bo related to the level of thiocyanate in tlie blood, and 
may occur early or late in the coiir.<e of treatment. 


Authors. 
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EKTCDO PATOI/JOICO T)A Ag^o do Tabao) Desxicotikizado sobke os Vasos Sax- 
oCTicEOS DO Pato BeakcO: Bv J. Lopes <]ft Faria, TJmversi<la'3e tie ilinas Gerais. 
Grafica Queir.oz Breiner LWa., Belo Horizonte, Brazil, 104.3, 107 pagc.s, .oG illo-s- 
f rations. 

Forty-one rats u'ere injected with a denicotinized extract of tobacco vrliich was 
prepared according to Ilarlravy’.s technique. Thirteen rats serv'ed a.s controls, and 
wore injected with .saline solution. In the latter parts of the experiment-s, which 
lasted 114 days, do.sc.s of 4 tinie.s as much and then 18 time.® a.s'much of the extract 
as Ilarkavy n.sed were injected. Chronic endocarditi.s, myocarditis, and peritmrditi.s 
were noted on microscopic cxamin.ation of both tc.st animals and control animals. 
The author concludes that nicotine-free exlracfs of tobacco, specitirxilly that grown 
in JIina.s Gcrai.s, do not produce pathologic changc.s in the blood vessels of the 
li'-arts and e.xtremhies of white rats. He was ihu.s unable to confirm the studie.s 
of Harhavy. This, he Vjtdieve.s, may be due to the fact that the tobacco which he 
! -cd had a lov.er “antigen power” than that employe^l by Harkavy-. 

Edbap. V. Am-e.n'. 


SrKDno.'iE COKOXAMo Latei’.ai,; By Guillermo A. Bo.sco, Profe.ssor Titular dc Semi- 
ologla y ClrnifXi Pro[;f)deutica de la Facultad de .Ciencias Medica.s de Bueno.s 
AiTra. Imprenfa Ferniri Hnos., Bueno.s Aire.s, 1G4.3, 1G8 lEige.s, 8.3 illustration.s. 


.\.s i.s made clear in the introduction, this monographic study strives to c.stabli.sh 
tee “hiteral coronary sjuidroriie’* as an anatomicoclinical entity to be considered 
together with the “anterior’’ and “posterior” coronary s^Tidrorne.s. 

Tim syndrome is caused by oi-elusion of tbe left circumflex artery in its terminal 
I'ortion. llii.s artery ij; distributed over the lateral piortion of the left ventricle in 
hont 80 per cent oi all jierson.s, and over the posterior part of the septum and 
■ he ngal ventricle in the other.s. The author states tluit this po.“sibly' “anomalous’” 
'ibiribution need not be taken into account, for only the left ventricle might show 
the ctK-cts of ;uute iKdiemia: it i.“ the reviewer’s opinion that thi.s is not valid. 

1 oe first part of the book is devoted to an anatomic and patliologic study, and 
iUnj-trated by exceptionally detsr jihotograplis. A pl)y.siopatliologic .study follows. 
*■•0 cliriic-'il sign.s of the ^’lateral syndrome” are discns.sed in detail. In .spite 
or th.i author ”.s cfTorts, they do not seem to be e.ssentially different from those 
catwer! by occlusion of other coronary arterie.^. The cardiac manifestations are 
.‘inus tachycardia, galloi. rhjthra, friction rub, functional mitral .sycslolic murmur, 
urA ventricular allemation. It is emphasized that attacks of either'left ventricular 
premature beats or left ventricular tachycardia may occur. 

pm early electrocardiographic abnormalities are depression of the S-T segment 
m Le.ao.. I and ITF and elevation of the S-T Vegment in T>md III. Differentiation 
.torn i^jnerior infarction may be difBcnlt at times. The author agree.s with 'Wood 
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aiu5 liis co-worker?, Inii not with Katz, who describes, changes in the S-T segment 
in.'lK'ads I ami III Pin\ilar to those associated with posterior infarction, and changes 
in the )>recordial leads like those which occur with anterior infarction, i.e., a 
special electroctirdiographic pattern. 

Ko mention is made of the original description of the syndrome by \\’ood, 
Wolfertli. and Kellet (Am. Heakt .T., 16: .3S7, 19.^S), nor is there any historical 
approach or quotation from the literature. 

In spite of the efforts of the author, a differentiation between this and other 
coronary syndrtmies does not always seem possible. 

Wood and his co-woriors emphasized the frequency of auricular fibrillation, but 
Bosco. on the other Imnd. .stresses ventricular premature beats and ventricular tachy- 
cardia. This difference of opinion undoubtedly leaves a field for future investigation. 

ALDO IfUISADA. 
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